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October 13,1995

Ms. Vemeta Simon
On-Scene Coordinator
U.S. Environmental Protection Agency
77 W. Jackson Blvd., HSE-5J
Chicago, IL 60604

RE: Report for Characterization Investigation Gamma Radiation Survey, Lindsay Light
H Site, 316 E. Illinois Street, Chicago, Illinois - STS Project No. 27313-TH

Dear Ms. Simon:

Attached please find the above-referenced report. We have included only those sections
which were revised from the previous report The instructions below describe which
sections to discard and where to insert the attached material.

Volume I

• Please remove and discard the entire text section from the Title Page through Section
5.0 References. Replace with the attached text section which now extends through
Section 6.0 References.

• Insert Table 5a in the Tables section after Table 5.

Volume n

No Change

Volume in

The first data pages, double sided, pages 0000001 and 0000002 of the "Isotopic
Uranium" section (approximately 65 pages from the front) should be discarded and
replaced with 0000001 and 0000002 Isotopic Uranium Analysis data table pages.

• At the end of the "Isotopic Uranium" section, 66 pages farther back, insert the new
section "Uranium Isotopes by Alpha Spectroscopy". No discard is associated with
this insert. The insert is immediately in front of the "Chain of Custodies" header
page.

STS Consultants Ltd.
Consulting Engineers

1415 Lake Cook Road
Deerfield, Illinois 60015
708.272.6520/Fax 708.498.2721
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Approximately 60% back is the section "Isotopic Thorium". The first two data pages
0000001 and 0000002 should be discarded and replaced with the new 0000001 and
0000002 Isotopic Thorium Analysis data table pages.

• At approximately 80 percent back is the "Gamma Spectroscopy" section. Remove and
discard pages 0000001 through 0000004 and replace with the attached Case Narrative
and data sheet pages 0000001 through 0000004.

Please contact us with any questions you may have regarding this matters.

Regards,

STS CONSULTANTS, LTD.

Richard G. Berggreen
Principal Geologist

J. D. White, Kerr-McGee
Charles Gardner, Chicago Dock & Canal Trust
Vincent Oleskiewicz, Baker & McKenzie

chq3roj.27313-ZH.revsec.wp5.jm



October 13,1995

Ms. Vemeta Simon
U.S. Environmental Protection Agency
77 West Jackson Blvd.
HSE3-5J
Chicago, IL 60604-3590

RE: Response to USEPA Review Comments Letter Dated August 18, 1995, Lindsay
Light H Site, 316 E. Illinois Street, Chicago, Illinois - STS Project No. 27313-ZH

Dear Ms. Simon:

This letter and the attached revisions are in response to your letter dated August 18,1995.
With these revisions and responses, we anticipate the subrnittal will be acceptable to USEPA
and can be approved. We have included an affidavit in accordance with Section 24 of the
Administration Order by Consent dated January 27,1994 (AOC). There being no payments
due under the terms of Section 25 of the AOC, the Respondent (The Chicago Dock and
Canal Trust) requests written notice from USEPA per Section 25 of the AOC that the
Respondent has demonstrated, to the satisfaction of USEPA, that all of the terms of the
AOC, including any additional tasks consistent with the AOC which USEPA has determined
to be necessary, have been completed.

In addition, we wish to clarify the usage of a term in the referenced report. Throughout the
report, we refer to the monazite sand, building debris contaminated with monazite sand,
thorium nitrate derived from the sand, or finished or discarded gas mantle parts as the
source for the gamma radiation detected. The use of the term "source" is intended to refer
to a source of radiation, and not "source" as opposed to "by-product ll(e)2" classification
material determination by IDNS. This clarification, in our opinion, does not require any
revision to the subject document.

We appreciate your prompt response to these submittals and welcome any questions you
have regarding this matter. The following responses are numbered to refer to your
comment numbers.

"Letter Attached to Report"

1. Executive Summary Comments
- Item 6 - The scenario deserves a separate section. It should not be presented
solely in the Conclusions section.

STS Consultants Ltd.
Consulting Engineers

1415 Lake Cook Road
Deerfield, Illinois 60015
708.272.6520/Fax 708.498.2721
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A separate section, 4.0 Elementary Radiological Risk Assessment, has been provided
to present the risk assessment scenario previously included only in the Conclusions
section. The Conclusions section is now Section 5.0.

- Item 8 - At the end of paragraph 1 it is stated that This will be corrected" and
at the beginning of paragraph 3 it is stated that "We propose...." If this has been
done it should be stated as having been completed. Has it been done?

The comments should have indicated these revisions have been made. Both changes
were made in the Report dated July 26,1995.

2. General Comments
- Item 2, paragraph 1 at top of page 3 - A MDA of 20 pCi/g for the Th-230 is quite
high. Please explain.

The quality control documentation for the laboratory specifies the MDA. The
laboratory report indicates the MDA for Th-230 by gamma spectroscopy is 20
pCi/gm. This MDA is judged appropriate for this nuclide, in this matrix and by mis
method.

3. Specific Comments
- Item 9, last paragraph - The K-40 concentrations seem substantially above
background. Explain why these levels are not deemed to be indicative of
contamination or of other contaminants.

The material submitted for chemical and radiological analysis is classified as fill.
Urban fill soil consists of a heterogeneous mixture of soil, building rubble (brick,
stone, mortar, metal, glass, wood), cinders and ash from fires and furnaces, paving
stones, curbs, asphalt, cement and foundation debris, etc. As such, it will be expected
to have a wide range of chemistry and lithology.

In reviewing the National Council on Radiation Protection (NCRP) Report No. 94,
December 30, 1987, Table 4.3 presents a summary of concentrations of major
radionuclides in rock and soil. Recognizing the percentage of potassium and,
therefore, the concentration of potassium-40 will vary with the mineralogy of the soil
and rock, the K-40 naturally occurring background concentrations include values
greater than 27 pCi/gm in granitic rocks, and average 10.8 pCi/gm in soils. The
range and variability evident in the fill soils analyzed appear to be consistent with
these values, particularly when referring to background values in the urban fill.
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"Report"

4. Volume I, Executive Summary
- Page iii, para. 2 - It should be stated in the text that Ra-224 has no gamma
emission and, therefore, will not be detectable with gamma spectral analysis. State
the surrogate.

The following revision has been made to the referenced paragraph to identify the
surrogate detections.

"The gamma spectral analyses measured concentrations above minimum detectable
levels for eleven nuclides. K-40, Tl-208, Pb-210, Pb-212, Pb-214, Bi-212, Bi-214, Ra-224
(surrogate detection by Pb-212), Ra-226 (measured as Pb-214), Ra-228 (measured as
Ac-228), and U-238 (measured as Th-234) were detected frequently enough to be
confidently identified."

- page iii, para 3 - The text should deal with the fact that U-235 at 12.8 pCi/g is
extremely high, not indicative of background levels. Explain why this level is so
high.

The U-235 concentration of 12.8 pQ/gm by gamma spectroscopy has an uncertainty
of +18.7 pCi/gm, resulting in a possible concentration between 0 and +30 pCi/gm.
Note mat this sample is not from a background location and is not represented as a
background level. That sample, CD-S78E18N-2-3, was reanalyzed for uranium
isotopes by alpha spectroscopy. The Case Narrative reports that the comparison of
the U-234, U-235 and U-238 results indicate the sample is of natural isotopic ratios
and is not enriched. Additionally, in all of the samples analyzed, the U-234 and
U-238 results are nearly identical, further indicating the absence of any enrichment
or depletion. The text has been revised to reflect these results, which are also
included in Table 5a.

5. Volume 1, Section 3.1.1. - The discussions for Areas 3, 4, 5, 7, 8, 9 and 12 should
make note that contaminants appear to go beyond the area boundary. In the case
of areas 7 and 12 this indicates potential offsite contamination. Paragraph 2,
sentence 2 on page 20 should reflect this as well.

The discussion for areas 3, 4, 5, 7, 8, 9 and 12 have been revised to reflect the
potential for contamination beyond the area boundary. The revisions include
comments regarding areas 7 and 12 indicating potential offsite contamination.
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- Page 21, para 3, sentence 2 - It is a major omission to not have recorded and
reported data that would deal with the potential for offsite contamination. The
fact that there are still somewhat elevated readings over the concrete south of
Region 7 is significant

The omission is acknowledged.

6. Volume I, Section 3.4.1, page 32, para 3 - After decades in situ, it is very surprising
that the Thorium Decay Chain is not in equilibrium. What explanation is offered
for this?

When analytical uncertainties are taken into account, and a small, systematic error
in the ITAS/Quanterra gamma spec data is considered, the results indicate that the
Thorium Decay Chain is in secular equilibrium.

7. Table 4, Gamma Spec Analysis - Explain why, when the Ac-228 line is so strong,
that there are data gaps in the Ra-224 data.

In that a surrogate is needed for Ra-224, the Quanterra gamma spec report failed to
identify the Pb-212 photo-peak which Quanterra uses to measure and report Ra-224.
The Ra-224 concentration can be calculated from other photo-peaks in Quanterra's
gamma spectroscopy report included in Volume HI of this report.

- Explain in a footnote that Ra-228 does not have a gamma emission and, therefore,
has been found from another radionuclide's gamma.

The requested footnote has been added to Table 4.

- The Tl-208 data has not been corrected for branching.

We acknowledge that the Tl-208 data has not been corrected for branching. A
footnote to that affect has been added to Table 4.

- There are no footnotes 1, 2, 3.

Footnotes 1, 2 and 3 have been added to the first page of Table 4.

- Table 5 - Normally the U-235 activity is about 4.5% of the U-238 level. There
should be a discussion on why sample CD-S156E49N-2-3 is at only 2.4% and
sample CD-S78E18N-2-3 is at 24.5%. The latter is a significant departure that could
influence cleanup protocols and the number of cleanup criteria.
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See response to Comment 4 regarding analytical uncertainly. When uncertainties are
taken into account, the relationship between U-235 and U-238 activities is ambiguous.

The uranium isotope ratio was reanalyzed by alpha spectroscopy. The case narrative
reports that the U-234, U-235, and U-236 results, when compared for each sample,
indicate the sample exhibits natural isotopic ratios with no evidence of enrichment.
Additionally, in all the samples analyzed by alpha spec, the U-234 and U-238 results
are nearly identical, further indicating the absence of any enrichment or depletion.

Table 5a has been added to present the uranium isotope by alpha spec data. The
alpha spec data are included in Attachment E.

- Table 6 - An explanation should be given as to why the Th-230 results do not
conform to the U-238 and U-234 results.

See response to Comment 4 regarding analytical uncertainties. All results on Table
6 include large uncertainties. Additionally, processing of the monazite ore which
occurred on the site would have separated the Thorium-230 from the uranium. No
revision to the report is proposed.

8. Figures 3-14 and 3-14A - Elevated data in linear north/south and east/west lines on
these figures should be discussed. Does this pertain to subsurface features such
as piping?

The linear features, both north/south and east/west result from the software used.
A comment to this affect has been added in Section 3.1.2. The area alignments,
generally east/west, appear to be coincident with the storm drain. This is best
illustrated in Figure 3-1.

9. Equilibrium Charts - All these charts show disequilibrium in the thorium series.
This would not be expected based upon the decades the thorium has been in the
ground. An explanation should be offered.

The explanation of the apparent disequilibrium in the thorium series is that the
results suggest a small systematic error in the Quanterra gamma spec analysis. The
existence of that small systematic error does not affect the utility of the analytical
results. Acknowledging the small systematic error, the data are consistent with
equilibrium, within the analytical uncertainty. No revision to the report is proposed.
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10. Volume III, Data Summary, page 0000002, Quanterra Data Table - There are unit
problems in this table. Under the heading Aliquot, grams and liters should not
be tied together without identifying the form of the sample. None of the time
related columns has units.

The Data Summary Table pages, page 2 for isotopic uranium and page 1 for isotopic
thorium, have been revised. New pages from the laboratory specify the aliquot units
as grams (deleting reference to the option to use liters), and indicate the time units
as minutes where previously no unite were specified.

We appreciate the opportunity to work with you on this project. Please contact the
undersigned with any further questions regarding this matter.

Sincerely,

STS CONSULTANTS, LTD.

Richard G. Berggreen
Principal Geologist

Attachment

chcproj.27313-ZH.revcomts.wp5.jm



AFFIDAVIT

In accordance with the requirements of Paragraph 24 of the Administrative Order by

Consent for the Lindsay Light n Site, Chicago, Illinois dated January 27, 1994, the

undersigned certifies under penalty of law that based on personal knowledge and

appropriate inquiries of all other persons involved in preparation of the report entitled

"Report for Characterization Investigation Gamma Radiation Survey, Lindsay Light n Site,

316 E. Illinois Street, Chicago, Illinois", dated October 13, 1995, the information submitted

is true, accurate and complete, to the best of my knowledge and belief.

Certified by:

Date:

Notarized by:

My Commission Expires:

(Seal)

chcproj.27313-ZH.afdvt.wp5
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REPORT FOR CHARACTERIZATION INVESTIGATION
GAMMA RADIATION SURVEY

(REV. 2)

LINDSAY LIGHT II SITE
316 E. ILLINOIS STREET

CHICAGO, ILLINOIS

EXECUTIVE SUMMARY

This report presents the results of a site characterization investigation of the property
located in downtown Chicago, Illinois, bounded by East Illinois Street on the south,
East Grand Avenue on the north, North Columbus Drive on the west, and North
McCIurg Court on the east. This report is the result of the implementation of the Work
Plan for Site Characterization Investigation, approved by USEPA May 13, 1994. The
objectives of the investigation were to identify the location and distribution of
contamination at the site, document the concentration and source of radioactive
materials at this site, and determine whether the material exhibited characteristics of
hazardous waste.

The areal distribution and location of the radiological contaminants were evaluated
through an overland gamma radiation survey of the site using both a sodium iodide
(Nal) detector and a tissue equivalent doserate instrument. These surveys were
conducted site-wide on a 6 x 6 meter grid and on 1 x 1 meter grids for areas exhibiting

elevated gamma readings.

The surface survey results show consistently low background readings with distinct and
elevated gamma readings greater than the average background plus two standard
deviations in a few discrete areas. These data suggest the surface surveys are capable
of identifying the areas of gamma-emitting materials with an accuracy of about 1 to 2
meters for the contamination borders. The overland survey measured gamma radiation
ranging from background levels of 2484 counts per minute (CPM) at 1 cm elevation to
over 100 times area background level, maximum reading of 6.26 x 10^ CPM. The
largest area and the area exhibiting the highest readings was the previous location of
the stable building which had housed the Lindsay Light operations. An additional
eleven ( I I ) smaller areas also exhibited elevated gamma readings. Recognizing that the
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Lindsay Light operations occupied the building for more than 15 years (from 1916 to
1932) the walls and floors of the building may have become contaminated by the
monazite sand which was stored and processed in the building incidental to Lindsay's
gas mantle manufacturing operations. The smaller areas separate from or adjacent to
the building footprint may represent monazite sand-contaminated debris from the
building spread as a result of demolition and subsequent site grading. These areas may

also have been contaminated due to the sand, the processing residues, the thorium
nitrate, or gas mantle parts spilled or discarded during transportation or handling of
these materials.

The surface radiation data were evaluated and eight locations selected for down-hole
gamma surveys to explore the vertical extent of the radioactive materials. The down-
hole gamma logs generally extended to as deep as 6.5 meters, and one which reached a
maximum of 9.6 meters. Several profiles encountered obstructions which prevented
deeper penetration. One complete profile was surveyed at an apparent background

location; three complete profiles and two obstructed profiles were surveyed at
transitional gamma radiation locations (one of the complete profiles may reflect
background conditions); and two complete profiles and one obstructed profile were
completed at locations showing elevated gamma radiation readings. Soil samples were
collected from one background location, two transitional locations and two locations
showing elevated gamma radiation. Laboratory analyses were conducted for waste

characterization and radioactive evaluation.

The vertical profiles of gamma radiation that showed the elevated gamma levels are
limited to the upper 2.5 meters, with the majority of elevated profiles occurring from
0.5 to 1.5 meters below the ground surface. Subsurface background levels were
generally less than 50 counts per second (CPS) (less than 3000 CPM). Transitional
levels were in the range of 800 to 1000 CPS (48,000 to 60,000 CPM). Elevated
gamma locations measured 9000 to slightly more than 11,000 CPS (540,000 to more
than 660,000 CPM). In several transitional and elevated gamma profiles, two maxima
were noted, suggesting two layers of contamination at depths of approximately 1 meter
and 2 meters.

ii
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These overland gamma and down-hole gamma surveys define in general terms the

distribution and location, both horizontally and vertically, of the radioactive

contamination.

Analysis of the soil samples consisted of three components: gamma spectroscopy

(spec) analysis, isotopic thorium and isotopic uranium analysis, and RCRA hazardous

waste characterization. The two samples tested for RCRA hazardous waste

characterization did not exhibit results which would cause the material to be classified

as hazardous waste.

The gamma spectral analyses measured concentrations above minimum detectable levels

for eleven isotopes. K-40, Tl-208, Pb-210, Pb-212, Pb-214, Bi-212, Bi-214, Ra-224

(surrogate detection by Pb-212), Ra-226 (measured as Pb-214), Ra-228 (measured as

Ac-228), and U-238 (measured as Th-234) were detected frequently enough to be

confidently identified. These isotopes are either naturally occurring isotopes, can be

readily identified as counting artifacts, or are present in the natural decay chains

(radionuclide breakdown products) of uranium and thorium, present in the monazite

sand suspected as the source of the contamination.

The three highest gamma spec measurements were subsequently analyzed for isotopic

uranium and isotopic thorium. The elevated gamma radiation samples measured

maximum concentrations of 71.5 pCi/gm U-234, 12.8 pCi/gm U-235, 52.3 pCi/gm

U-238. 334 pCi/gm Th-228, 263 pCi/gm Th-230, and 342 pCi/gm Th-232. Reanalysis

of the highest gamma spec uranium concentration sample by alpha spectroscopy

measured 89.6 pCi/gm U-234, 10.4 pCi/gm U-235/236, and 82.8 pCi/gm U-238.

Total uranium and total thorium background concentrations in soil in the Chicago area

vary from less than 1 to about 3 pCi/gm (Myrick, et al., 1981; NCRP, 1975; NCRP,

1987). The measured concentration of uranium and thorium isotopes indicate these

elements exhibit isotopic ratios which show no evidence of uranium enrichment and are

considered reasonable for soils containing materials contaminated with monazite sand.

On the basis of the gamma spec and isotopic uranium and isotopic thorium analyses,

there is no indication of a radioactive contamination source other than the monazite

sand containing naturally occurring thorium, uranium and their respective breakdown

products.

ill
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A rudimentary risk assessment was performed based on the doserate data collected with

the tissue equivalent instrument capable of responding to gamma ray energies from

17 KeV to 1.3 MeV. The only plausible exposure scenario for the site in its present

use as a paved parking lot is from direct exposure of lot attendants or lot patrons.

Under the most unlikely exposure conditions, the annual dose to an individual would

not exceed 4 mrem/yr, whereas a more reasonable scenario associated with the most

elevated location on site predicts a dose much less than 1 mrem/yr. That scenario has

the individual parking at the exact location of the most elevated gamma reading

165 v Rem/hr, 50 days a year (this assumes he/she is able to occupy this same parking

location approximately 20% of the time), standing on the location for 5 minutes each

day (165 fj Rem/hr x 50 days/yr x 5 min/day x 1 hr/60 min. = 687.5 /j Rem/yr or

0.7 mrem/yr). It should be noted that the footprint of this elevated location is about

6 inches in diameter and is located in a parking space where the car's engine or trunk

would normally be located. These facts render the exposure scenario for this site

unlikely. Therefore, based on this basic assessment, the site in its present condition

poses no additional radiological risk to lot attendants or patrons in excess of that

already present for general radiological (background) conditions associated with the

downtown Chicago area.

RGB95:AD5:nls
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REPORT FOR CHARACTERIZATION INVESTIGATION
GAMMA RADIATION SURVEY

(REV. 2)

LINDSAY LIGHT U SITE
316 E. ILLINOIS STREET

CHICAGO, ILLINOIS

1.0 INTRODUCTION

1.1 Objective

This report presents the results of the investigation conducted at the 316 East Illinois

Street site, herein referred to as the "Lindsay Light II Site" or "site", for the

characterization of radioactive contamination. The objective of the investigation was to

determine the type and relative quantities of radioactive materials present, the

hazardous waste characteristics of those materials, and the distribution or location of

these materials at the subject site.

1.2 Site Description and Site History

The Lindsay Light II site at 316 East Illinois Street in downtown Chicago. Illinois,

extends from East Illinois Street on the south to East Grand Avenue on the north. It is

bounded by Columbus Drive on the west and McClurg Court on the east. Figure 1-1 is

a location map, indicating the location of the property within the State of Illinois and

the City of Chicago. Figure 1-2 shows the general layout of the site. The dimensions

of the site are 66 meters (208 feet) north to south, and 186 meters (591 feet) east to

west which makes the site approximately 12,276 m^ (2.7 acres).

The property is presently undeveloped and has been used as a parking lot in recent

years. The parking lot is paved with asphalt and has guard rails that border it. The

property is situated in an urban area, surrounded by commercial and residential



The Chicago Dock & Canal Trust
Lindsay Light II
Site Characterization (Rev. 2)

buildings. A shopping mall is located approximately 200 feet to the southeast. The

Chicago River is located 1/4 mile south of the site, and Lake Michigan is about 1/4

mile east of the site.

The Chicago Dock & Canal Company was founded in 1857. The Chicago Dock &

Canal Trust, the direct successor of The Chicago Dock & Canal Company, is a real

estate investment trust formed in 1962. Both companies are included in the reference

to "Chicago Dock". Chicago Dock records indicate that a portion of the property was

leased to the Lindsay Light Company from about 1915 to 1932. These records also

indicate that the property from 316 to 322 East Illinois was rented by Cooper's Stable

prior to 1913. A two-story building on the property housed a stable for horses and

wagons and a blacksmith shop (Figure 1-2).

In 1914, the Cooper Stable was divided in half, from east to west. The south half,

fronting on Illinois at 316 East to 322 East, was leased by Lindsay Light. Chicago

Dock's records indicate that Lindsay Light made rent and tax payments on this property

until about 1932. The building was demolished around 1933, which is consistent with

the cessation of rent payments by Lindsay Light.

Review of property records indicates that Lindsay Light probably performed its primary

manufacturing operations in this area of Chicago at 161 East Grand Avenue, about one-

quarter mile west of the property. The operations at 161 East Grand Avenue included

the manufacturing of incandescent gas mantles. Some manufacturing and/or processing

of thorium-bearing monazite sand reportedly took place at the 316 East Illinois site.

A principal ingredient in gas mantle manufacture is thorium as a nitrate. Small

amounts of cerium, beryllium, and magnesium nitrates are also used. Thorium was

extracted from the monazite sand using an acid bath. The gas mantles were then

dipped into a solution containing the thorium nitrate to increase the mantle's

incandescent strength.

Thorium occurs in nature principally as the parent radionuclide Thorium-232 in

association with its daughter products in a decay sequence known as the Thorium

Decay Series. Several thorium isotopes are also found within the Uranium and

-2-
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Actinium Decay Series. It is believed that the principal source of contamination at this

site is Thorium-232 and thorium decay series nuclides.

1.3 Previous Investigations

In June 1993, the USEPA and Illinois Department of Nuclear Safety (IDNS) measured

gamma radiation levels on portions of the site. The USEPA and IDNS survey was

conducted based on information USEPA and IDNS had in their files which indicated

Lindsay Light formerly had operations at the site. Several areas of gamma radiation

levels above the vicinity background levels were indicated (Figure 1-3). A similar

reconnaissance survey was conducted by STS for Chicago Dock in June 1993 which

also found several areas of elevated gamma measurements. The results of the surveys

suggested the presence of a subsurface gamma radiation source. Subsequently, a Work

Plan was developed to conduct a comprehensive investigation of the source of the

contamination. The investigation, completed through implementation of the Work

Plan, was conducted with the objectives of identifying the type and quantity of the

radioactive material, and the location and extent of the contamination.

1.4 Administrative Order by Consent

On January 27, 1994, an Administrative Order by Consent (AOC) was agreed upon by

USEPA and Chicago Dock. The AOC required preparation of a Work Plan for site

investigations. That Work Plan was prepared and, following review and revision in

response to review comments, was approved by USEPA on May 13, 1994. This report

is the result of the implementation of the work conducted in accordance with the Work

Plan.

-3-
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2.0 SCOPE OF WORK

The work scope as defined in the Work Plan consisted of five principal tasks. These

tasks were:

Site grid lay-out

Overland gamma survey

Down-hole gamma logging

Soil sampling

Chemical analysis

The following sections. Section 2.1 through 2.5, describe the specifics of these work

scopes. Sections 3.1 through 3.4 present the results of the survey, sampling and

analysis tasks.

2.1 Site Survey

A site-wide 6x6 meter grid was surveyed on May 14, 1994. The purpose of this site-

wide grid was to establish accurate location points for surface radiation measurements,

locating down-hole survey stations, and positioning borings for soil sampling. The grid

was laid out by Certified Surveys, land surveyors licensed in the State of Illinois. The

approved Work Plan specified a 30 x 30 meter grid be surveyed. However, rather than
surveying a grid on 30 meter centers from which a 6 x 6 meter grid could be located,

the grid was laid out at a 6-meter spacing site-wide. Each 6-meter station was marked

with an orange spray paint spot. Every 3 to 4 stations were labeled with the north and

east grid coordinates to facilitate data collection during the survey. The 0-0 point is

located approximately 2 meters south and 1 meter west of the southwest corner of the

parking lot guard rail. Survey nails were placed in the sidewalk to mark the comers of

the survey grid.

The approximate location of the former stable building was obtained from 1905

Sanbom fire insurance maps of the property as part of a 1992 environmental

assessment (STS 1992). That location was surveyed and marked and is assumed to be

-4-
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accurate within a few feet. A 1 meter grid was surveyed and marked using green spray

paint within the footprint of the former stable building, an area of approximately 30

meters by 30 meters. The survey grid is shown on Figure 2-1.

During the course of the overland gamma survey, additional 1-meter survey grids were

established around locations where elevated readings were noted. Those smaller grids

were laid out from the 6 x 6 meter grid stations using a rope marked in 1 meter

increments. Stations were marked by spray painting spots on the ground at each

1 meter interval.

An elevation survey was not conducted since a site survey with elevations to 0.1 feet

was available from The Chicago Dock & Canal Trust. The site elevation survey is

included as Figure 2-2.

2.2 Overland Gamma Radiation Survey

2.2.1 Survey Methods

Two types of overland radiation surveys were conducted. One survey, conducted May

14, 15 and 21, 1994. measured gamma radiation levels using a Ludlum 44-10 2x2 inch

Nal detector coupled with an ESP-1 portable ratemeter/scaler. The Nal detector

measured gamma radiation in counts per minute (CPM). The second survey was

conducted May 21 and 22. 1994, and used a Bicron microRem LE tissue equivalent

doserate meter, which measured the tissue equivalent radiation dose in microRem/hr.

The ESP-1/Nal surveys included readings at 1 meter elevation and at ground surface

(1 cm elevation), while all Bicron measurements were collected at 1 meter elevation

only.

The 6x6 meter site-wide grid was surveyed using the Ludlum 2x2 inch Nal detector

with 1 minute measurements taken at 1 meter and 1 cm from the ground surface. Once

all grid measurements were completed for each north/south row, an inter-grid survey

was performed for each square formed by the 6 meter grid points. Inter-grid surveys

were performed at a traverse speed of approximately 3 feet per second (+1 m/sec.).

The survey instrument was held as close to the surface as possible and the grid surveyed
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in a "zig-zag" pattern. For all inter-grid surveys, the ESP-1 external speaker was

activated to provide an auditory indication of any increase in count rate, since this

method is more sensitive than observing the ratemeter liquid crystal display (LCD) for

subtle count rate changes. Areas discovered in the inter-grid surveys which showed

increased count rates were marked with an "X" or several "Xs" at the location(s) of the

highest reading(s). Once the 6 meter and inter-grid surveys were complete, detailed

one meter grids were laid out around the "Xs" using a rope marked at one meter

intervals and the 6 meter markings for reference.

In addition to the 1 meter grid layout over the former stable building footprint, eleven

( I I ) additional areas of above background readings were identified by the inter-grid

surveys. All twelve of the 1 x 1 meter grid areas were surveyed using the Nal detector

with all measurements taken at 1 cm (ground surface). Measurement times for the

1 meter grid areas varied from 1 minute to as low as 15 seconds in the high activity

areas. AJ1 measurements were then normalized to CPM and background subtracted to

give the net CPM for comparison to the range of area background based on statistical

considerations.

The twelve 1 x 1 meter grid areas were also surveyed using the Bicron microRem LE

meter. All measurements were made at I meter from the ground surface. To allow for

proper instrument response on the lowest measurement range, the instrument was held

at each location for approximately 15 seconds. This allowed the instrument to reach at

least 90 percent of the final reading.

Details of the overland gamma and doserate surveys including instrument calibrations

and field checks are described in detail in Attachment A.

2.2.2 Determination of Site Background

Background levels of gamma radiation were established by means of a survey of stations

along three traverses, each consisting of 12 stations. The background surveys were

conducted May 14, 1994. The three traverses include one along the west margin of the

parking lot, one located immediately east of the site and one on the sidewalk east of

McCIurg Court, station 207E from 0 to 66N. The east side of McClurg Court is
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referred to as the off-site traverse. The two on-site traverses are located along the

eastern-most and western-most margins of the site, at OE and 187E from 0 to 66N.

Figure 2-1, the site survey grid, shows the location of the background survey traverses.

Attachment A presents calculation of background values as the mean of the three

traverses plus 2 standard deviations. Further discussions of the background values are

presented in the Results, Section 3.0 and Attachment A.

2.2.3 Data Management

All Nal scintillometer data were plotted on spreadsheets ( Attachment A). Two- and

three-dimensional illustrations of the measurements were also prepared. These data

were used to select proposed locations for subsequent investigations (down-hole gamma

logging and soil sampling). The scintillometer data were also provided to USEPA

representatives for preliminary review prior to selection of proposed locations.

The Bicron doserate measurements were collected concurrent with the down-hole and

soil sampling work and were not used in the selection of sampling locations. The Nal

and Bicron data are presented and discussed in Section 3.1. Overland Gamma Survey

Results.

2.3 Cone Penetrometer and Down-hole Gamma Logging

2.3.1 Methods

The Cone Penetrometer Test truck (CPT) was used in combination with down-hole

geophysical logging of gamma radiation to provide vertical delineation of the extent of

contamination. The down-hole survey was conducted May 21 and 22, 1994. The

depth of the investigation extended below the surficial fill materials to the naturally

occurring soils. The CPT holes extended a maximum of 9.6 meters (31 feet).

Obstructions were encountered at several proposed locations. The obstructions ranged

from shallow, less than 1 meter deep, possible floor slabs or pavements, to deep, on

the order of 2.5 to 3 meters, possibly a basement floor slab. The following

summarizes the locations where cone holes were attempted and the results (Table 1).
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Table 1
Down-hole Gamma Survey Locations

Proposed Locations

Background
24E 12N
156E. 48N

Alternate Location
72E 60N

71E
36E

59N
12N

Transitional
82E 25N
62E 25N
171E 64N

Alternate Location
76E 21N
89E 16N

Elevated Gamma
81E 5N

78E 4N
78E 18N
78E 9N

Alternate Location
82E I5N
78E 25N

Results

Obstructed. No log after 6 attempts.
Logged at 157E 49N

(Drilled throughAnomalous log results,
obstruction and logged).
Partial log, obstructed.
Obstructed. No log.

Logged
Partial log. obstructed
Logged

Obstructed. No log.
Logged

Logged at 81E 6N (access restricted by
perimeter guardrail)
Obstructed. No log.
Logged
Partial, obstructed

Obstructed. No log.
Obstructed. No log.

The CPT casing was hydraulically pushed to the desired depth, and the hole was

geophysically logged to record gamma radiation levels in counts per second (CPS) as a

function of depth. Logging speed was held at 2 meters per minute, which gave

excellent resolution of both background and elevated gamma locations.

The CPT down-hole gamma survey used a Colog MXG logger equipped with

electronically controlled winch assembly, computer interface, and a Mount Sopris

Model HLP-2375-I gamma radiation probe. The Mount Sopris probe was equipped
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with a 0.5x1.5 inch Nal(TI) crystal which is capable of providing vertical resolution of
approximately 1.5 inches.

2.3.2 Quality Assurance

2.3.2.1 Sensitivity Test Runs

In order to evaluate the impact of the stainless steel casing on the sensitivity of the
Colog gamma logging unit, a series of five sensitivity runs were made. Standardized
thorium-containing soils in fixed geometries prepared for the West Chicago thorium
contamination project were used as the calibration sources. Specifications for the
preparation of the "calibration soils" were provided and are included as Attachment B.
The Work Plan specified that the casing would be used if it could be demonstrated that
the use of the casing did not diminish the gamma reading by more than 50 percent
when compared to readings obtained with no casing.

The following presents the results of those sensitivity test runs.

Table 2
Influence of CPT Casing Evaluation

Drum No.

CD-I

Counts/second
with Casing

13-16 CPS

Counts/second
without Casing

20-25 CPS

Percent
Difference (Range)

20-48%

CD-2

CD-3

CD-7

CD-8

180-210 CPS

399-420 CPS

104-115 CPS

58-70 CPS

280-288 CPS

550-600 CPS

150-165 CPS

88-100 CPS

25-38%

24-34%

23-37%

23-42%
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These data indicate the gamma readings using the casing were diminished 23 to 40
percent on average, sufficiently below the 50 percent threshold which would have

precluded use of the casing. As a result, casing was used in all the down-hole logging
at the site.

Data were available on the concentration of the gamma emitting radionuclides in the
calibration drums. Correlation of the counts per second readings with the reported
standardized soil concentrations allows for the derivation of a calibration curve to be

applied to the gamma counts and soil (Th-232 + Ra 226) concentrations at the Lindsay
Light site.

Analysis of the calibration drum materials indicated total gamma emitter and Th-232
plus Ra-226 concentrations as follows for the five drums:

Table 3

Calibration Drum Radionuclidc Concentrations *

Total Gamma Th-232 + Ra-226
Drum No. (pCi/gm) (pCi/gm)

CD-I 2.7 1.7
CD-2 53.5 48.0
CD-3 104.6 97.1
CD-7 29.6 23.4
CD-8 17.5 12.9

* Analysis of drum contents are included in Attachment B.

Plotting the Th-232 + Ra-226 concentration vs. measured counts for each calibration
drum yields Figure 2-3. Figure 2-3 plots the average reading of the CRT probe in
counts per second (CPS) versus the soil concentration of Th-232 + Ra-226 in pCi/gm.
Best fit linear regressions were then added to the plot and the equations for the probe
response with and without the casing were determined.
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2.3.2.2 Replicate Gamma Logs

Replicate gamma log readings were obtained in borings through logging both the probe

entering the hole and the probe being withdrawn from the hole. Where both "in and

out" logs were recorded, both logs are presented side-by-side on the gamma log

figures.

Additionally, one background boring 157E 49N, was logged on the first day of the

down-hole logging effort, and then again at the completion of the down-hole logging

task. This replication of the log on two different days was to assess the reproducibility

of the logging runs and to evaluate potential impacts to the equipment after logging the

transitional and elevated gamma locations.

Observations of the two runs (up and down) show excellent replication on most borings.

One exception was boring 71E 59N. That log was run in a drilled boring, due to the

presence of obstructions at a depth of approximately 2.5 meters. Non-replicate logs

were obtained in several runs and are attributed to faulty connections between the probe

and the recording unit . After the anomalous results were noted, the soil cuttings from

the boring were screened with the Nal scintillometer and the Bicron tissue equivalent

doserate meter. No elevated readings above background were measured in these

cuttings, which tends to confirm the background nature of this location.

Comparison of the two logs run in the background boring to check the reproducibility

of the logging following the end of the survey showed excellent reproducibility. No

significant difference was noted in the logs run on separate days. This indicates no

significant impact to the equipment resulted from the logging of the locations of

suspected elevated gamma material.
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2.4 Soil Sampling

2.4.1 Selection of Samples

Based on the results of the overland gamma survey and the down-hole gamma survey,

locations and depths were selected for the collection of soil samples. The objective was

to collect samples at one background location removed from any surface indications of

contamination, two transitional locations where gamma readings are above the

background but not among the highest values measured, and two locations exhibiting

significantly elevated gamma readings. Samples were to be analyzed to identify the

radioactive material, measure the activity, determine the soil concentration and correlate

these findings with the down-hole gamma data. The overland survey information

indicated the horizontal locations to be sampled. The down-hole gamma information

indicated the depth where the highest gamma readings were recorded and samples

would be collected.

The selected soil sampling locations are listed below. The depth of sampling is based

on the zones which consistently exhibited the highest reading in the down-hole boring
gamma logging. The proposed sample depth was from 0.65 meters to 1.3 meters (2 to

4 feet).

The following locations were chosen for soil sample collection:
Background 156E 49N

Transitional 82E 25N

89E 16N

Elevated Gamma 81E 5N

78E 18N

Duplicate samples were also submitted to facilitate assessment of the reproducibility of

the analyses. Duplicates were prepared by homogenizing the sample recovered in the

barrel of the split spoon and then filling two sets of sample bottles a little at a time
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until both sets of bottles were full. Duplicates were prepared for two of the elevated

gamma measurements, at 81E 5N from 0.65 to 0.95 meters (2-3 ft), and at 78E 18N

from 0.95 to 1.3 meters (3-4 ft). In order to prevent the laboratory from recognizing

these split samples as duplicates, the duplicate samples were coded with a 9 at the end

of the sample number and the label and Chain-of-Custody indicated the samples were

from a depth 20 feet deeper than the actual sample depth.

2.4.2 Sampling Methods

Samples were collected using a truck-mounted drill rig. Samples could not be collected

as initially proposed using the CPT rig due to pavements and obstructions at the sample

locations.

Drilling was conducted using solid flight augers. The sample was recovered by driving

a 2.5 inch diameter split spoon sampler using an SPT hammer.

Upon recovery of the sample to the ground surface, the borehole depth was measured

using a weighted tape. The split spoon was opened and the sample screened using the

Bicron meter. The sample was also screened using an HNu photo-ionization detector

(PID). The sample was then described and logged. The recovered material was

homogenized using a stainless steel spatula blade and subdivided into the individual

sample bottles.

Cuttings from the borings were screened using the Bicron meter. The levels were not

recorded, but did exhibit elevated readings in the transitional and elevated gamma

sample locations. All cuttings from the transitional and elevated gamma borings were

placed in a bucket, segregated from other cuttings and materials generated as part of

the investigation. The buckets were stored, locked in the on-site trailer. The material

was utilized in testing of the physical and chemical properties of the soil. No soil

materials remain on site.

All borings were grouted closed with a neat cement grout upon completion of

sampling.
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2.5 Analyses

2.5.1 Analytical Parameters

A total of 12 samples were submitted for analysis. Two samples were submitted from

each of the five sampling locations. Two duplicate samples were also submitted. The

samples were initially analyzed by gamma spectroscopy. All gamma emitters identified

were reported.

The three samples showing the highest gamma spec detections were subsequently

analyzed for isotopic uranium and isotopic thorium. In addition, one of the samples

from the background boring was analyzed for isotopic uranium and isotopic thorium.

Two of the samples from the elevated gamma radiation areas were also submitted for

RCRA hazardous waste characterization. The purpose of that analysis was to evaluate

potential constraints on the eventual disposal of the radioactive material present at the

site. Those analyses included TCLP volatiles, TCLP semi-volatiles, TCLP metals,

reactivity, corrosivity and ignitability.

2.5.2 Quality Assurance

2.5.2.1 Overland Gamma Survey

Quality Assurance measures were performed in accordance with Quality Assurance

procedures in Appendix D of the Work Plan. Per Section 3.2.2 of the Work Plan,

duplicate measurements were conducted for approximately 10 percent of the 6 meter

grid stations. QA measurements were made randomly across the site at surveyor-

established 6 meter grid points using the ESP-1/44-10 instrument set detector (S/N

112642) with the 2.5 inch lead shield at a distance of 1 cm above the surface. All 6

meter grid QA data are shown in Appendix E of Attachment A. The site was walked

randomly from west to east and north to south to north in a "zig-zag" pattern similar to

the inter-grid survey technique. A total of 100 QA measurements were made, where

only 36 measurements were required by the Work Plan. The additional measurements
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were made to provide for a random sampling across the entire site versus only a portion

of the site.

AJ1 QA measurements were collected for 30 seconds. Appendix D-6 of Attachment A

gives the raw data as CPM and the percent difference between the Corrected QA CPM

and Corrected Initial CPM, using the initial CPM as the "true" or expected value for

the percent difference calculation. The result of percent difference test range from

-31.8% to 50.77% with an overall average of -1.56 ± 12.3% at one standard

deviation. These QA data show that the average variation is excellent and that 95

percent of the data are within an error range of less than ±25 percent at 2 standard

deviations. Given the fact that the QA measurements were made on a different day

than the original measurements and that the majority of the QA data are in the range of

site background, an error of only 25 percent at 2 sigma is considered to be acceptable.

Appendix G-4 of Attachment A presents a QA check to correlate ESP-1/44-10 readings

with those of the Bicron microRem LE instruments at the most elevated reading

measured on the site, near survey point 76E 4N. The highest Bicron contact reading

was 650 //rem/hr at the surface. The average correction factor calculated for converting

the ESP-1 countrate data to equivalent j/rem/hr data was 487 CPM/V/rem/hr at one

meter above the surface.

2.5.2.2 Chemical Analytical QA/QC

Data validation was conducted for samples analyzed at the ITAS Laboratory. The

laboratory reported results for volatile organic compounds (VOCs), semi-volatile

organic compounds (SVOCs). and inorganic parameters specified in the toxicity

characteristic leaching procedure (TCLP). The compounds were analyzed according to

methods for hazardous waste characteristic determination as specified by EPA SW-846.

The sample analyses were reviewed for accuracy and completeness. Precision was not

analyzed as only two samples were analyzed (CD-S81E5N-2-3 and CD-S78E18N-2-3)

from the elevated gamma reading areas, as specified in the Work Plan.
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Volatile Organic Compound QA/QC

Specific VOC compounds specified in TCLP were analyzed on the zero headspace

TCLP extract. The samples were analyzed according to EPA SW-846 Method 8240.

The samples were analyzed within two weeks of sample collection. The GC/MS tuning

was completed and the acceptance criteria associated with injection of

4-bromofluorobenzene (BFB) for the initial calibration and sample analyses were within

acceptable ranges. Neither the QC blank nor the extraction blank contained analytes of

interest.

A laboratory control sample spike was completed and all of the spiked compounds were

within QC acceptable ranges. This would be considered a measure of accuracy for the

method. However, a matrix spike, which would provide a measure of accuracy for the

sample matrix, was not completed.

Semi-Volatile Organic Compound QA/QC

Semi-volatile compounds specified in TCLP were analyzed according to Method SW

846-8270. The samples were extracted within one week of sample collection and

analyzed within two weeks of sample collection. The samples, extraction blank,

method blank and method spike had acceptable surrogate recoveries. No analytes were

detected in the method blank associated with these samples.

The GC/MS tuning was completed and the acceptance criteria associated with injection

of decafluorotriphenylphosphine (DFTPP) for both the initial calibration and samples

were within acceptable ranges.

A laboratory control sample spike was completed and all spiked compounds were within

the QC acceptable range. This could be considered a measure of accuracy, although a

matrix spike was not completed for these samples.
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Inorganic Analyses QA/QC

Inorganic analyses were completed as applicable by methodology stated in EPA

SW-846. The initial and continuing calibrations were acceptable for all metals

analyzed. The blanks that were reported associated with the metals analyses did not

contain any analytes above the detection limit. Sample CDS78E18N23 reported barium

above the instrument detection limit but below the CRDL, the normal CLP detection

reporting limit. Sample CDS81E5N23 also indicated detects of barium and cadmium

in the range between the instrument detection and the CRDL.

A laboratory control sample spike was completed for each metal that was analyzed.

The results for the spiked sample were within acceptable limits. This could be

considered a measure of accuracy, although a matrix spike was not completed.

Radiological Sample Analysis

The entire data analysis package sent from the analytical laboratory was checked against

the laboratory's Quality Assurance Management Plan and procedures shown in

Appendices A through E of the Work Plan. The QA review consisted of 100 percent of

all data sheets and all calibration sheets forwarded by the lab. No discrepancies were

noted in any of the data or analyses reviewed. QA review forms are included as part of

Attachment E. Additionally, a laboratory internal memorandum regarding the rationale

for not conducting matrix spike analyses on gamma spec analyses is also included in

Attachment E.
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3.0 INVESTIGATION RESULTS

3.1 Overland Gamma Survey

The overland gamma survey consisted of two surveys, one performed using a Ludlum

ESP-1 with a Nal detector, and a second using a Bicron tissue equivalent doserate

meter. Background measurements established typical levels remote from contaminated

locations. Details of the methods used in conducting the overland gamma surveys and

the survey results are presented in Attachment A. The following sections present the

Nal survey, the Bicron survey, and a summary of the survey results including

descriptions of the zones exhibiting elevated radiation readings.

3.1.1 Nal Ludlum Survey

Background gamma radiation values were calculated from measurements taken at 1

meter and 1 cm above the ground surface along three traverses including both on- and

off-site locations. These background values were calculated to facilitate identification of

anomalous surface gamma levels. In accordance with the Work Plan, a threshold was

set at the mean of the background traverse readings plus two standard deviations (m

+ 2a). Background values were measured and calculated for the 1 meter and 1 cm

elevations as follows:

m + 2a (1 m) = 2818 CPM

m + 2a (1cm) = 3114 CPM

The 6 x 6 m station to station site survey combined with inter-grid surveys identified 12

areas exhibiting gamma readings which exceeded the background thresholds. These

areas are identified on Figure 3-1. A full description of the survey results including

tabulated records of all readings is included as Attachment A. These elevated locations

were surveyed at a 1 meter grid interval with the detector at 1 cm elevation.
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The areas of elevated readings have been presented as two- and three-dimensional

illustrations of the net gamma radiation readings after background subtraction on

Figures 3-2 through 3-13. A brief summary of each area is provided below.

Area 1 is located toward the northwest comer of the site. That area showed only one

data point above the background plus 2a (m + 2a) threshold (29E 60N). That reading

was 4.56 x 103 counts per minute (CPM). Figure 3-2 shows the m +2o exceedance

area.

Area 2 also showed only one data point above the m +2a threshold shown on Figure

3-3. That point at 42E 28N, measured 7.10 x 103 CPM.

Area 3 exhibits a series of elevated readings extending along 51E from 13N to 20N,

Figure 3-4. The elevated gamma readings extend to the limits and possibly beyond the

surveyed area to the west. Maximum readings in Area 3 are noted at 50E 17N (2.26 x

104 CPM) and 51E 19N (1.29 x 104 CPM).

Area 4, Figure 3-5, similar to Areas 1 and 2, has one point which exceeds the ITI + 2a

threshold. The elevated gamma reading is at the eastern edge of the survey area

indicating elevated levels may extend beyond the survey area and connect with Area 5

to the east. Station 62E 20N measured 3.92 x 103 CPM. This Area is near Area 5

which extends west from the northwest corner of the former stable area.

Area 5 extending west from the footprint of the former stable has numerous

measurements above the m + 2a threshold (Figure 3-6). Elevated gamma readings

extend to the limits and possibly beyond the surveyed area to the west and north. The

highest reading is 3.70 x 104 CPM at Station 69E 27N. Several other readings are in

the 104 CPM range.

Area 6 exhibits the highest reading outside the stable building footprint. Station 68E

7N measured 5.35 x 104 CPM. Figure 3-7 displays the gamma readings and

background as m +2a.
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Area 7 designates the entire footprint of the former stable building. Note that the

entire footprint does not display elevated gamma readings. Figure 3-8 shows the plot

of values with the m +2a background. Figure 3-8a gives the 3 dimensional image of

the gamma readings.

The highest values measured and the majority of values above background lay along the

western third of the building area. The highest value measured on site was 6.26 x 105

CPM at 8IE 5N. Farther west at 76E 4N, a maximum value of 4.94 x 105 CPM was

measured.

The highest readings within the building footprint are generally located from 76E to

about 85E. High readings extend nearly to the southern limit of the site, with the

highest readings noted at 4 to 6 meters north of the southern boundary of the survey

area. Note, however, that values tend to approach or fall below the m 4- 2a threshold

at the southern margin of the survey. Elevated gamma readings extend to the limits of

the surveyed area and may extend beyond the site boundary to the south.

Area 8 which extends off the northeast comer of the former stable footprint shows

several values in the 10^ CPM range (Figure 3-9). Elevated gamma readings extend to

the limits of the surveyed area and possibly beyond the area boundary to the northwest.

Two values at 106E 26N. and 27N approach the maximum values measured in Area 6.

Station 106E 26N measures 5.22 x 104 CPM while I06E 27N measures 5.15 x 104

CPM. Several high values near the northeast end of Area 8 are located at 24N to 27N

between 114E and 119E.

Area 9 shows several data points which exceed the m + 2<j threshold (Figure 3-10).

Elevated gamma readings extend to the limits of the surveyed area and may extend

beyond the surveyed area to the east. The highest value measured was 1.77 x 104

CPM at 134E 33N. The elevated readings trend along an east-west orientation at about

33N running from 132E across to 137E. A similar east-west alignment of higher

readings is noted from 135E to BSE at about 26N.

Area 10 shows several points which exceed the m + 2<r threshold (Figure 3-11). The

highest value measured in Area 10 is 1.08 x 10^ CPM at station 134E 13N.
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Area 11 showed one data point, HOE 14N, which exceeded the m + 2a threshold

(Figure 3-12). The highest measurement in Area 11 was 4.46 x IfP CPM.

Area 12 showed a number of elevated readings (Figure 3-13). One of the highest, 2.97

x 104 CPM, was measured along the northern margin of the site at station 170E 66N,

indicating elevated readings may extend beyond the site boundary to the north. The

highest value was measured near there at 171E 64N, where a value of 4.35 x 104 CPM

was recorded.

The limits of the 1 meter gridded areas were set based upon several considerations.

The inter-grid survey identified locations with elevated readings and the survey grid was

laid out around those locations. In some areas where several elevated readings were

sufficiently close, they were included in a single gridded area. In other areas, separate

grids were surveyed around elevated gamma locations. Where different grid areas

approach but do not overlap each other, i.e. areas 4 and 5, the gap between areas is

sufficiently small to be insignificant. Where elevated readings extend to the edge of the

I meter grids within the 6 meter grid, the absence of elevated readings detected in the

inter-grid survey indicates the readings dropped to background levels. Additional

survey points may have provided minor added detail to the margin of the elevated

gamma area, but, in the opinion of the investigators, would not have documented

additional contaminated areas. Inasmuch as the objective was to document the

apparent limits of the gamma radiation source areas, these data are considered

sufficient to make that demonstration.

In areas where the elevated readings extended beyond the limits of the 6 meter gridded

area, specifically south of area 7 and north of area 12, the inter-grid survey does not

provide documentation of background levels. These off-site areas were surveyed by

MJW Corporation, but no data were recorded or provided for this report. These areas

were described as exhibiting background values to the north of area 12, and somewhat

elevated readings 1 to 2 meters to the south of area 7 before dropping to background

levels. It was noted that both areas were concrete sidewalk paved rather than the

asphalt paving which covered the majority of the site. The concrete pavement was

anticipated to be a more effective cover, precluding direct comparison of gamma

readings between the asphalt paved areas and the concrete sidewalks. It was further
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noted that at the request of USEPA on-site personnel, the excavation spoil from utili ty

trenching on East Grand Avenue to the north was screened for elevated gamma

readings. All materials screened were at background levels.

3.1.2 Bicron Survey

Bicron instrument surveys were made over those areas showing elevated gamma

readings and in the footprint of the former stable building. Background values were

obtained as with the Ludlum Nal scintillometer at the three traverse locations. General

area Bicron background readings were 4.5 /t/rem/hr. The background threshold was

calculated as follows:

background mean plus two standard deviations (m + 2a) equals 7.25

^rem/hr

The results of the Bicron survey are included as tables and three dimensional plots of

readings in Appendix A. The plots of the site-wide Bicron survey data are included as

Figure 3-14 viewed from south to north, and Figure 3-14a viewed from north to south.

Figures 3-14 and 3-14a exhibit some linear features aligned east-west and north-south.

These features are the result of the graphing software used to prepare the figures.

The Bicron doserate data for the 12 areas show similar intensities as the scintillometer

data. The m + 2a threshold for the Bicron data was exceeded in 10 of the 12 areas,

excepting Areas 1 and 2. The highest net reading at a 1 meter elevation, the elevation

at which typical whole body doserate measurements are made, was in Area 7 at station

76E 4N, near one of the highest scintillometer readings. At that location and elevation,

a value of 165.5 //rem/hr was measured. At that location, a surface (1 cm elevation)

reading was taken which measured 650 /irem/hr.

3.2 Down-hole Gamma Survey Results

Down-hole gamma logs were attempted and either partially run or completely logged at

10 locations. Numerous other locations were precluded from logging due to subsurface

obstructions such as concrete pavement, basement floor slabs, or massive debris in the
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fill soils. Three partial records appear usable from holes encountering obstructions at

depths of 2.5 to 3 meters (9 to 10 feet) Seven complete logs were run. These included

one with inconsistent signals on re-runs which does not appear usable (discussed below

under background logs). A second anomalous log shows background level gamma

measurements in a log run in what was anticipated to be a transitional gamma level

area, based on surface gamma survey data.

The down-hole gamma radiation logs are presented in Figures 3-15 to 3-24.

For most of the logs, replicate runs were recorded to allow for evaluation of the

reproducibility of the data. Gamma measurements were recorded on a run into the

casing, labeled "Gamma Log Own" on the left side of the gamma log Figures. The

record of the readings upon withdrawal of the probe is labeled "Gamma Log Up" and

is shown on the right side of the Figures.

Replicate logs were also run on the one check boring which was logged on both days of

the down-hole survey. Replication between the logs run on the two days was excellent.

The scales used to display the gamma levels on the various logs vary by a factor of 10

between the background, transitional and elevated gamma logs. The background logs

are shown with a full scale value of 120 counts per second (CPS). (Note the units in

the down-hole gamma survey is counts per second, CPS, as opposed to counts per

minute. CPM, for the overland survey. The absence of the overburden shielding

produces this significantly greater sensitivity). The transitional logs are shown at a full

scale reading of 1200 CPS. The elevated gamma records are shown at 12.000 CPS full

scale.

The vertical scale on the logs is 1.1 meter to the inch.

3.2.1 Background Logs

At station 157E 49N, a background boring was logged which yielded excellent records

(Figures 3-15 and 3-15a). Replicate runs into and out of the boring matched well, as

did logs run the next day upon completion of the logging effort.
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These logs indicate a relatively low gamma level ranging from less than 6 CPS to

perhaps 25 CPS (360 to 1500 CPM) in the fill materials. Below a depth of

approximately 2.5 to 3 meters (9 to 10 feet), the gamma levels are lower and much

more constant at around 6 to 8 CPS (360 to 480 CPM), to a total depth of 6.5 meters,
about 22 feet.

The log for boring 171E 64N (Figures 3-16 and 3-16a) exhibits a similar profile,

although that log was anticipated to be a transitional gamma radiation location.

Gamma levels ranged from maxima of less than 40 CPS (2400 CPM) in the fill soils

above approximately 3 meters (9 to 10 feet deep) to a consistent 5 to 9 CPS (300 to

540 CPM) in the natural soils to a depth of 6.5 meters (22 feet). Consistent values

were measured on both the log down and log up runs in this boring.

Attempts at a background boring at 72E 60N encountered repeated obstructions at a

depth of about 9 to 10 feet. This was interpreted as a basement floor slab. In an

effort to obtain a background gamma log at this location, a boring was advanced at 7IE

59N, using a drill rig. A CPT casing was then placed in the boring and a series of

gamma logs run.

These records show, in one set (Figure 3-17), a profile with some slight variation above

3 meters and relatively constant values from 3 meters to the bottom at 6.2 meters.

This profile is similar to the background logs previously described, except that the

recorded gamma levels were from about 147 to 165 CPS (8820 to 9900 CPM). This

suggests a scale shift of approximately 140 CPS (8400 CPM) occurred on this record.

A second run (Figure 3-17a), gave dramatically different records for the log down and

log up runs. The inconsistencies between the several logs suggest these logs are not

usable in the evaluation of site conditions.

In order to evaluate whether the anomalous readings at this location were the result of

elevated gamma levels, the cuttings which had been brought to the surface during the

drilling of the bore hole were screened. The materials were screened using the Ludlum

Nal scintillometer and Bicron tissue equivalent doserate meter by the health physics

technician. No levels above background were noted in these cuttings.
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The absence of a consistent record indicating the presence of contamination and the

lack of any elevated radiation upon screening the cuttings indicate there is no evidence

of radioactive contamination at this location.

3.2.2 Transitional Logs

The transitional gamma logs were obtained in areas where overland gamma results

indicated increasing gamma radiation around the highest gamma readings, or areas

exhibiting levels above background, but removed from the highest reading areas.

One of the proposed transitional areas was located at 171E 64N, in Area 12. That

location was discussed above under background locations, since the log (Figures 3-16

and 3-16a) appeared characteristic of background locations and did not show the

elevated gamma levels anticipated.

A second location in an out-lying area was logged for transitional gamma levels at

62E 25N, from Area 5. At that location, a fairly good profile (Figure 3-18) was

obtained of the upper 2.7 meters, but was terminated at an obstruction. At that

location, a gamma radiation peak signal at a level of 660 CPS (39.600 CPM) was

recorded at 2.2 meters. Gamma levels dropped to approximately 340 CPS (20.400

CPM) at 2.5 meters, then began to rise again when the record was interrupted by the

obstruction at 2.7 meters. Note that the high reading at a depth of 2.2 meters is the

deepest horizon identified exhibiting an elevated gamma radiation level. The data

record was consistent for this boring between the log down and log up records.

A second obstructed record is included from location 82E 15N. This location lies

within the stable building footprint. The record at this location (Figure 3-19) is only

for about one meter depth. The record shows a gamma peak of about 840 CPS

(50,400 CPM) at 0.8 meters. The record shows a fairly sharp rise in counts below a

depth of about 0.3 meters, a peak at about 0.5 to 0.8 meters and a fairly sharp fall off

in readings to the end of the record at about 1.0 meter depth.

At location 82E 25N, the deepest profile on site was recorded. Gamma log

measurements were made to a depth of 9.6 meters (31 feet). This profile (Figure 3-20)
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shows low gamma readings to a depth of 0.4 meters, a steady rise with some gentle

fluctuations to a distinct peak of about 840 CPS (50,400 CPM) at a depth of

1.2 meters, followed by an abrupt drop down to background levels of less than 10 CPS

(600 CPM) below 2 meters. A slight rise in gamma levels to perhaps 10 to 20 CPS

(600 to 1200 CPM) below 9 meters may signify a change in strata from lake shore sand

to glacial clay till soils. It does not appear to be an indication of contamination due to

the broad (shallow) nature of the data signal.

At station 89E 16N, also within the building footprint, a transitional log extended to a

depth of 6.4 meters. This profile (Figure 3-21), run both log down and log up,

displays a double peak in gamma readings. Gamma levels rise below a depth of 0.3

meters to a peak reading of approximately 1050 CPS (63,000 CPM) at a depth of 0.62

meters. Below that, levels drop to approximately 680 CPS (40,800 CPM) at 1.0 meter

depth, then rise in a second peak to 840 CPS (50,400 CPM) to 1.2 meters deep.

Below the second peak gamma reading, levels decline until at about 2.2 meters, a fairly

constant reading of 10 CPS (600 CPM) or less is detected. These readings are

mirrored in both records for this boring.

3.2.3 Elevated Gamma Logs

Three records were run on borings from locations of elevated surface gamma

measurements. All three are from the western portion of the building footprint.

At station 78E 9N, a partial log was obtained to a depth of 3.3 meters before

encountering an obstruction. That record (Figure 3-22) shows a very strong peak rising

from low levels at 0.4 meters deep to a peak value of approximately 11,000 CPS

(660,000 CPM) at a depth of just below 1.0 meter. Below 1 meter, gamma levels drop

to about 600 CPS (36,000 CPM) at 1.8 meters before increasing slightly to 1200 to

1300 CPS (72,000 to 78,000 CPM) at about 2.1 meters. This peak is similar to the

maximum level measured at 62E 25N where a 660 CPS (39,600 CPM) peak was noted

at 2.2 meters. Below 2.1 meters, the gamma levels in the log at 78E 9N drop to

background values by 2.5 meters deep and remain at that level to the bottom of the

boring at 3.3 meters.
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At station 78E I8N, the gamma levels show a single pronounced peak (Figure 3-23).

Beginning below a depth of 0.4 meters, the readings rise to approximately 11,200 CPS

(672,000 CPM), just above 1.0 meter. Readings then drop sharply back to background

levels, and below 1.7 or 1.8 meters, show consistently low levels to the total depth of

the log at 6.5 meters.

At station 8IE 6N, two maxima are apparent in the gamma log (Figure 3-24). Below

0.4 meters readings rise sharply to a high of 9,500 CPS (570,000 CPM) at

approximately 0.8 meters deep. Readings drop to a low of 3,700 CPS (222,000 CPM)

at 1.3 meters deep, then rise to just over 6,000 CPS (360,000 CPM) at about 1.6

meters. Below 1.6 meters, readings drop to background levels below about 2.2 meters

and remain low to the total depth of the log at 6.5 meters.

The distinct maxima noted on both the transitional logs and elevated gamma logs likely

represent relatively thin horizons of gamma-emitting materials. The rise in gamma

counts approaching these horizons is likely an example of the penetrating power of the

radiation rather than a broad band of contamination. This is likely particularly true

where the slope of the log is equally steep above and below the maximum value.

Where double peaks are evident, i.e., 81E 6N, or 89E 16N, these represent two

distinct gamma-emitting concentration horizons, possibly a layer of fill placed over a

former floor during the period of operations. The low reading between the two peaks

represents where the "halos" of the two horizons intersect.

These down-hole logs appear to fairly accurately define the vertical extent of the

gamma-emitting contamination in the areas tested. The distinct signature evident in

both the obstructed (incomplete) and the unobstructed (complete) down-hole logs

suggests that the character of the material can confidently be distinguished using the

methods employed in this survey.

The principal unexplained anomaly was the absence of an elevated, transitional gamma

record from station 171E 64N. It is possible that the source was sufficiently small and

relatively shallow so as to be evident from the ground surface and apparent over some

area, but was otherwise shielded and not detected in the subsurface.
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The inconsistent and anomalous records in the several logs at the 71E 59N records are

attributed to electrical problems with faulty connections between the detection and data

recording equipment. That location was unique in that the log was run down a drilled

hole into which a casing had been placed. The difficulty is not attributed to the drilled

boring, but rather the logging equipment was set up in a configuration and location

outside the CPT truck for this one boring. This set-up may have resulted in incomplete

electrical connections or other logistical problems.

3.2.4 Summary of the Down-hole Gamma Survey Results

Figure 3-25 plots all CPT gamma log data from logged transition and elevated gamma

boreholes against the depth at which the peak gamma intensity was recorded. Review

of this plot shows that no gamma peaks occurred in the first one half meter, while 11

of 14 plotted gamma peak locations occurred within a one meter zone from 0.5 to 1.5

meters below grade. One of the three peaks occurring outside this one meter zone

from 0.5 to 1.5 meters was located at 1.6 meters and two were located between 2 and

2.5 meters. Based on this population of subsurface testing in areas tens of meters

apart, it is likely that the subsurface contamination patterns in untested areas are similar

to those of Figure 3-25.

3.3 Soil Sampling

Soil sampling locations were selected from overland gamma locations, using those

readings to select one background, two transitional, and two elevated gamma locations.

The selected locations were:

156E49N - Background
82E 25N - Transitional
89E 16N - Transitional
78E 18N - Elevated gamma
81E 5N - Elevated gamma

The down-hole gamma logging data were used to select the interval from which to

recover the sample. The horizon of interest, i.e., that horizon showing the elevated

gamma radiation, was generally around 1 meter deep. As a result, since two samples
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were to be recovered from each of the boring locations, the sample intervals were set at

0.65 to 0.95 meters and 0.95 to 1.3 meters (2 to 3 feet and 3 to 4 feet).

Sampling was originally intended to be conducted with the CPT rig. However,

obstructions were noted at sufficient frequency that a truck-mounted drill rig was

mobilized to conduct the soil sampling. A Mobile B-55 drill rig equipped with solid

stem auger was used to complete the soil sampling.

The asphalt pavement was drilled rather than being cored. The bore hole extended to

the top of the interval to be sampled at 2 feet. A 2.5 inch diameter split spoon was

driven with a standard penetration test (SPT) hammer through the 1 foot interval. The

split spoon was recovered and the sample was screened for radioactivity, logged for soil

type, homogenized and placed in the sample containers.

The borings all encountered fill materials below the asphalt pavement and gravel base

course. Boring logs are presented in Appendix C. The fill consisted of sandy and

clayey soil, cinders, wood, brick, mortar, wire and fragments of gravel. In Boring

82E 25N, a concrete pavement was encountered from 3.0 to 3.5 ft. The second sample

in that boring extended from 3.5 ft. to 4.5 ft. In Boring 78E 18N. a wire mesh screen

was recovered with the sample in a fragment of cement.

Radiation screening of the samples showed the samples from the elevated gamma areas

exhibited ^rem levels of between 55 and 170 and scintillometer readings of about 6 x

103 CPM (see Appendix B-5 of Appendix A).

Chain-of-Custody records for the samples submitted are included in Appendix D.

3.4 Analyses

The analysis of the soil samples consisted of two general components: radioactivity and

RCRA hazardous waste characteristics. The radioactivity analysis was to assess the

concentration and chemistry of the radioactive contaminants indicated as being present

at the site. The RCRA hazardous waste characterization was to assess whether the
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material exhibited any of the characteristics specified by regulation to classify material

as hazardous waste.

3.4.1 Radiological Analysis

The radiological analysis consisted of two separate analyses. Gamma spectroscopy

analyses were conducted on all samples submitted. Isotopic uranium and isotopic

thorium analyses were conducted on the three samples exhibiting the highest gamma

spec readings. Additionally, one of the background samples was analyzed for isotopic

uranium and isotopic thorium. The objective of the gamma spec analysis was to detect

and measure the concentration of all gamma-emitting radionuclides in the samples.

The isotopic uranium and isotopic thorium analyses indicate isotopic ratios which can

characterize the breakdown products (daughter isotopes) in each of the radioactive

decay series. The individual isotopic analyses also have a greater sensitivity (lower

detection level) than the gamma spec analyses.

In the gamma spec analyses, eighteen (18) gamma emitters were initially reported.

However, three of these had consistent less than (<) values reported due to

interferences from other radionuclides constraining detection. These were Th-230,

U-234, and U-235. Four radionuclides were measured in only one or two samples, and

at low levels, only slightly above the minimum detection level. These consisted of

1-129, Ce-139, Ce-141, and Pa-234. Three of these (1-129, Ce-139 and Ce-141) are

known fission products, were found to be the result of interference from other gamma
or x-ray emitters, and were subsequently rejected. Pa-234 is naturally occurring (from

the uranium chain). Ra-223 was found to be reported in error as a result of

interference from Ac-228. The remaining ten radionuclides were above the minimum

detection limit and were detected in a sufficient number of samples to be confidently

identified as present. These compounds consist of: K-40, Tl-208, Pb-210, Pb-212,

Bi-212, Ra-224, Ra-226, Ra-228, Th-228, and Th-234. Many of these radionuclides,

namely Th-228, Ra-228, Ra-224, Pb-212, Bi-212 and Tl-208, are in the natural

radioactive decay series of thorium. These elements are present in the monazite sand

which was reported to have been stored and processed at the Lindsay Light operations

formerly on site. Monazite also contains uranium to a lesser extent, represented by the

uranium decay products Th-234, Ra-226, and Pb-210 in the identified nuclides.
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Potassium-40 (K-40) is not a part of a decay chain. It is a naturally occurring

radioactive isotope of potassium, accounting for 0.1 percent of all potassium.

The results of the gamma spec analyses are summarized in Table 4. The laboratory

report of the gamma spec analyses is included in Appendix E.

The gamma spec analyses suggest the thorium decay chain products may not be in

equilibrium. A compilation of the reported activities for each sample with positive

results is attached as equilibrium charts, Figures 3-26 through 3-35.

A review of the equilibrium charts indicates that the Th-228 results are higher than Ra-

228 results. This apparent anomaly could be due to the low abundances (1.2% and

0.2%) for Th-228 (Thorium Chain Nuclide identification parameters used by the

analytical laboratory are presented on Table 4a). For most of the analyses, the Ra-228

and Ra-224 are showing equilibrium. The daughter products of Ra-224 (Pb-212,

Bi-212, and TI-208) should be in equilibrium within 2 days, based on a half-life of 10.6

hrs. for Pb-212. It is unexplained why the gamma spectrum shows Bi-212, and

occasionally Pb-212, slightly lower than Ra-224 and Tl-208. The TI-208 consistently

shows a concentration at equilibrium with Ra-224 when corrected for percent of decay.

Samples were dried and weighed into petri dishes on 6-1-94. The samples were

counted on 6-5-94; sufficient time to re-establish equilibrium following sample drying.

The gamma spec analyses show the lowest or non-detect concentrations in the

background samples. No thorium isotopes were detected in the gamma spec analyses

of the background samples. Only trace levels, less than 2 pCi/gm of one radium

isotope, Ra-226, were measured in the background samples. The highest results,

particularly for Pb, Ra and Th isotopes are noted in the samples recovered from the

locations which measured the highest readings in the overland gamma survey. The

highest readings, in several isotopes on the order of 2000 pCi/gm for Ra-224, Ra-228,

and Th-228, were noted in the sample from 78E 18N at a depth of two to three feet.

The other sample with readings around 1000 pCi/gm for Ra-224. Ra-228 and Th-228

was in the sample from 81E 5N from a depth of three to four feet. The sample from
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8IE 5N. from two to three feet was the third sample exhibiting elevated gamma spec

readings which was selected for isotopic thorium and isotopic uranium analyses.

The three samples with the highest gamma spec readings were selected for analyses for
isotopic thorium and isotopic uranium. Additionally, one sample from the background
boring was also analyzed. Quality assurance testing at the laboratory resulted in that
background sample being analyzed as a laboratory duplicate. A total of two
background samples, duplicates from a single sample, and three samples exhibiting
elevated gamma spec readings were analyzed for isotopic uranium and isotopic
thorium. The background sample exhibited uranium isotope concentrations at or below
laboratory background values for U-235, 1.12 to 1.89 pCi/gm U-234, and 0.502 to
2.14 pCi/gm U-238 in the duplicate analyses. The isotopic thorium results from those
two analyses were very consistent between samples, 0.533(±0.135) and
0.556(±O.I74) pCi/gm for Th-228, 0.70(±0.122) and -0.01(±0.003) pCi/gm for
Th-230, and 0.337(±0.11) to 0.396(±0.143) pCi/gm for Th-232 in the background
samples.

Isotopic uranium concentrations were fairly consistent in the three samples from the
three elevated gamma locations. U-234 measured 71.5, 64.4 and 61.4 pCi/gm in the
three samples; 78E 18N from two to three feet, 81E5N from three to four feet, and
81E 5N from two to three feet, respectively. U-235 was less than the laboratory
background value for all three samples. U-238 measured 52.3, 53.8 and 50.0 pCi/gm
for the same samples. Isotopic thorium also showed relatively consistent values
between the three elevated gamma samples. The sample from 78E 18N, two to three
feet, however, showed the highest of all the three thorium isotopes. Maximum
concentrations of 399 pCi/gm Th-228, 263 pCi/gm Th 230, and 342 pCi/gm Th-232
were measured in that sample. A complete tabulation of the isotopic uranium results is

presented in Table 5. Isotopic thorium results are presented in Table 6.

The relative ratios between the uranium and thorium isotopes, on the order of 1:5 or
1:6 uranium to thorium, are consistent with the U:Th ratios found in naturally
occurring monazite sand. Monazite sand was the source material from which the
thorium was reportedly extracted at the 316 E. Illinois building operated by the Lindsay
Light Company. Dr. David Dooley, principal of MJW, the health physics consultant
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for this project, has concurred with the consistency of these findings and the indication

of a monazite sand source. Additionally, the works of Eisenbud et al. 1964. 1973;

Linsalata et al. 1985; Roser et al. 1964; and Wedow, 1967, support these nuclide ratios

and relative concentrations as indicative of monazite sand materials.

There does not appear to be any indication of a radioactive contamination source other

than the monazite sand and the associated uranium, thorium and their naturally

occurring daughter (breakdown) products.

3.4.2 RCRA Hazardous Waste Characteristics

The classification of material as hazardous waste can be either a result of the material

being specifically listed as a hazardous waste, or as a result of exhibiting a

characteristic of hazardous waste. Four characteristics are designated for the

determination of hazardous waste:

Reactivity

Corrosivity

Ignitability

Toxicity

The characteristic of toxicity (Toxicity Characteristic Leaching Procedure TCLP Test)

has thresholds set and specific extraction methods proposed for three sets of
parameters: Metals, Volatiles and Semi-volatiles. All three characteristics were

analyzed on the samples submitted.

The determination of whether the material might be classified as a hazardous waste was

of a concern for the subsequent management of the material, should off-site removal

and disposal be proposed as a remedial measure in the future. Two samples from the

elevated gamma locations were submitted for hazardous waste characteristic testing.

These samples had to be selected before the radioactive analyses were conducted due to

the volume of sample required for the analyses. The results of the waste characteristic

testing are presented in Table 7.
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None of the parameters tested for either sample submitted exhibited characteristics

which would result in the classification of the sampled material as hazardous waste.
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4.0 ELEMENTARY RADIOLOGICAL RISK ASSESSMENT

An elementary radiological risk assessment for the Lindsay Light II site shows that the

only potential exposure pathway to members of the general public working at or using

the site parking facilities is via direct exposure. The most concern would be for the

parking lot attendants who man the cash booths. Both of the check-out booths on site

are located in background areas and therefore, individuals working at these locations

would incur no greater risk than anyone else in the downtown Chicago area with regard

to direct radiation exposure. Further, these individuals are typically captive in the

cashier booth due to the volume of business and they do not typically walk around the

site during slow periods. Therefore, the most reasonable scenario for exposure

becomes an individual member of the public who parks their car in the lot in the same

location each day and which corresponds to the location of the highest Bicron reading

of 165 /t/Rem/hr at one meter from the surface. If we assume that this individual parks

in this location 250 days per year and spends a minimum of 5 minutes per day outside

the car directly over the highest measured location, the calculated annual dose would be

165 /vRem/hr x 250 days/yr x 5 mm/day x 1 hr/60 min. = 3,438 //Rem/hr or 3.4

mrem/yr. This calculated dose would only apply to an individual who spent time

outside the car without moving off the elevated location. This may be a reasonable

scenario for summer months but seems more unlikely for winter months. Further, the

likelihood of someone parking in the same location every day without a reserved

parking space is very remote.

In a more realistic case where an individual only occasionally (say 20 percent of the

time) parks in the location where he could be subjected to the maximum dose rate, the

actual annual dose is likely much less than 1 mrem/yr (165 //Rem/hr x (0.2 x 250

days/yr) x 5 min/day x 1 hr/60 min. = 687.6 j/Rem/hr or 0.69 /jRem/yr). Such a dose

satisfies all current as well as all proposed federal regulations concerning allowable

doses to individual members of the general public from sources of residual radioactive

material accessible by the general public in unrestricted areas. Under either the

maximum exposure conditions or the realistic conditions, the site does not present a

risk beyond that of the normal radiation environment in the downtown Chicago area.
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5.0 CONCLUSIONS

The investigation of the 316 E. Illinois site had three principal objectives. These were
to identify the apparent distribution or location of the contamination at the site,
document the type and relative quantities of radioactive materials, and determine
whether the material exhibited characteristics of hazardous waste.

The distribution and location of the radionuclide contamination is evident in the
overland gamma survey results using a Nal scintillometer. These data identified eleven

(11) relatively small areas and one (1) larger area with elevated gamma readings. The
larger area appears to lie within the footprint of the former stable building. The
western one-third of that building footprint exhibits the highest readings found on-site

in the surface gamma survey. The remaining areas may be the results of tracking of
radioactive material from the building during demolition of the structure and subsequent
site grading. The more distant locations generally show lower levels of gamma
radiation.

The overland survey of locations with elevated gamma radiation using a Bicron tissue
equivalent meter showed similar elevated readings for most of the 12 identified areas.
Background threshold values of m -I- 20 were exceeded in 10 of the 12 areas (except
areas 1 and 2). The highest reading was near the southeast comer of the building at

station 76E 4N, where a reading of 165.5 /t/rem/hr was measured at a one meter
(typical whole body dose) elevation. At that location, a surface (1 cm elevation)
reading measured 650 /t/rem/hr.

These overland gamma survey results show consistently low background readings with
areas of elevated gamma readings greater than the average background plus 2 standard
deviations. These data suggest the surface gamma surveys using the 2x2 inch Nal
scintillometer equipment are capable of identifying the areal extent of gamma-emitting
materials on site with an accuracy of about 1 to 2 meters for the contaminant borders.
The down-hole survey results show distinctly different gamma readings in background,
transitional and elevated gamma areas. The consistency of the natural soils at depth
and the shallow depth of all the materials showing elevated gamma readings indicates

this method and equipment is capable of distinguishing the depth of gamma-emitting
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materials in the subsurface. These data indicate that the material exhibiting the highest

gamma radiation is at a depth of 0.8 to about 1.4 meters. The consistently low

readings in the upper 0.4 meters, even in areas where the highest subsurface reading

are measured, indicates this surface blanket of asphalt, base course gravel and fill is not

a zone of contamination, but rather an existing barrier, isolating the contamination

present at greater depths.

These overland gamma and down-hole gamma surveys define in general terms the

distribution and location, both horizontally and vertically of the radioactive

contamination.

The samples which were submitted for chemical analyses showed no characteristics

which could result in their classification as hazardous waste. The radioactive analysis

found the gamma-emitting radionuclides present are characteristic of the thorium and

uranium decay series. The isotopic uranium and isotopic thorium analyses indicate the

relative ratios of these elements are typical of the ratios which would be found in

monazite sands from which thorium was reportedly extracted on-site.

On the basis of the gamma spec and isotopic thorium and isotopic uranium analyses,

there is no indication of a radioactive contamination source other than the monazite

sand containing naturally occurring uranium, thorium and their respective breakdown

products. An elementary radiological risk assessment for the Lindsay Light II site

shows that the only potential exposure pathway to members of the general public
working at or using the site parking facilities is via direct exposure. Under either the

maximum exposure conditions or the realistic conditions (discussed in Section 4.0), the

site does not present a risk beyond that of the normal radiation environment in the

downtown Chicago area.
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Sample Number

CD-S156E49N-2-3l

CD-S156E49N-2-3 *
CD-S156E49N-3^ *
CD-S82E25N-2-3 2

CD-S82E25N-3-4 2

CD-S78E18N-2-3 3

CD-S78E18N-3-4-93

CD-S78E18N-3-4 3

CD-S89E16N-2-3 2

CD-S89E16N-3-4 2

CD-S81E5N-2-3-9 3

CD-S81E5N -̂4 3

CD-S81E5N-2-33

5179-001
5179-OOlDp
5179-002
5179-003
5179-004
5179-005
5179-008
5179-009
5179-006
5179-007
5179-010
5179-011
5179-012

Table 4
GAMMA SPEC ANALYSIS*
(concentration in pCi/gm)

Lab Number K-40 Co-57 Co-60 Y-88 Cd-109 Sn-113 1-129 Cs-137

13.9
753
12

149
35.1

42.1
85.1

Sample Number

CD-S156E49N-2-3
CD-S156E49N-2-3
CD-S156E49N-3-4
CD-S82E25N-2-3
CD-S82E25N-3 î
CD-S78E18N-2-3
CD-S78E18N-3-4-9
CD-S78E18N-3-4
CD-S89E16N-2-3
CD-S89E16N-3-4
CD-S81E5N-2-3-9
CD-S81E5N-3-4
CD-S81E5N-2-3

Lab Number Ce-139 Ce-141

5179-001
5179-001DP
5179-002
5179-003
5179-004
5179-005
5179-008
5179-009
5179-006
5179-007
5179-010
5179-011
5179-012

1 - Background sample
2 - Transitional sample
3 - High Gamma sample

"Laboratory results in Attachment E.
**TR-208 has not been corrected for branching.

Tl-208**

131
175

544
134
127
20.1
19.6
168
288
230

Pb-210

1.56

1.84
53

33.9
30.6
183

39.3
104

Pb-212

322
485

1250
352
319
563
553
361
754
574

Bi-212

271
34.1

1160
264
257
41.8
40.6
299
579
466
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Sample Number

CD-S156E49N-2-3 J

CD-S156E49N-2-3'
CD-S156E49N-3-4'
CD-S82E25N-2-3 2

CD-S82E25N-3-4 2

CD-S78E18N-2-3 3

CD-S78E18N-3-4-93

CD-S78E18N-3^ 3

CD-S89E16N-2-3 2

CD-S89E16N-3-4 2

CD-S81E5N-2-3-93

CD-S81E5N-3-4 3

CD-S81E5N-2-3 3

Lab Number

5179-001
5179-OOlDp
5179-002
5179-003
5179-004
5179-005
5179-008
5179-009
5179-006
5179-007
5179-010
5179-011
5179-012

Table 4
GAMMA SPEC ANALYSIS (cont.)*

(concentration in pCi/gm)

Ra-223

W*»v

Ra-224 Ra-226 Ra-2284 Th-228 Th-230

433

393

1660
406
384
48.5

964
631

1.24
<0.334
1.78
60.7
9.78
162
47.2
41.4
15.1
13.9
92.6
39.1
131 741

<1.12
<1.62
<1.14
418
53.9
1850
443
412
655
59.6
475
965
936

<6.49
<17.4
<5.70
543
10.6
2040
438
528
855
<53.1
760
1160
<194

<18.6
<82.9
<15.7
<149
<248
<252
<142
<147
<65.6
<269
<679
<195

Sample Number

CD-S156E49N-2-3
CD-S156E49N-2-3
CD-S156E49N-3-4
CD-S82E25N-2-3
CD-S82E25N-3-4
CD-S78E18N-2-3
CD-S78E18N-3-4-9
CD-S78E18N-3-4
CD-S89E16N-2-3
CD-S89E16N-3-4
CD-S81E5N-2-3-9
CD-S81E5N^3-4
CD-S81E5N-2-3

Lab Number

5179-001
5179-OOlDp
5179-002
5179-003
5179-004
5179-005
5179-008
5179-009
5179-006
5179-007
5179-010
5179-011
5179-012

Th-234

<1.76
<3.61
<1.92

65.9
35.9

159
80.3
73.8

<3.59
<7.20
<19.5
<12.5
121

Pa-234

579

U-234

<57.2
<723
<51.1
<392
<1850
<679
<361
<381
<173

<2040
<5220
<492
<514

U-235

<0.689
<1.18
<0.614
<4.61
<2.83
<7.96
<4.10
<4.53
<1.93
<3.12
<8.14
<5.75
<6.18

Am-241

1 - Background sample
2 - Transitional sample
3 - High Gamma sample
4 - Ra-228 does not have a gamma emission; concentrations are based on Ac-228 values.

*Laboratory results in Attachment E.



Table 5a

Sample

CD-SI 56E49N-2-3

CD-S78E18N-2-3

CD-S81E5N-3-4

CD-S81E5N-2-3

ISOTOPIC URANIUM BY ALPHA SPECTROSCOPY
(concentration in pCi/gm)

Lab No.

9369-001

9369-002

9369-003

9369-004

U-238

1.62

32.0

82.8

52.4

±0.55

±6.8

±17.2

±11.1

U-235
U-236

0.08 ±0.12

3.25 ±1.08

10.4 ±2.6

7.47 ±2.04

U-234

1.66 ±0.56

30.0 ±6.4

89.6 ±18.6

51.1 ±10.8

"Laboratory results are in Attachment E. (Errors reported at 2 standard deviations)
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TBCHMOXiOOT
CORPORATION

ONAXJ
IT
OH I

ITAS St. LOUIS
Isotopic Thorium Analysis

PROJ:

BATCH:

537.01

3SM3

ITAS St. Loull Lab
Revision Number 1

Sun Dit*: 04/15/94

SAMPLE
NUMBER

LCS 38903
BLK 38993
5179-001
51 79-001 DUP
5179-005
5179-011
5179-012

PREP
DATE

06-07-94
06-07-94
06-07-94
06-07-94
06-07-94
06-07-94
064)7-94

ALIQUOT

2.0000
2.0000
2.0891
2.0208
0.0104
0.0101
0.0101

COUN
DATE

0606-94
06-06-94
06-06-94
06-09-94
06-06-94
064)6-94
064)8-94

T
TIME

200
200
200
100
200
200
200

BKGD
TIME

4000
i 4000

4000
4000
4000
4000
4000

DET.
NO.

1
2
3
8
5
6
7

EFF

0.310
0.317
0.307
0.310
0.311
0.311
0308

ROI»1
Th-232

1018
3

58
36

268
327
227

BKGD

71
41

141
62

138
153
89

ROI*2
TH-230

1002
106
212
59

228
131
105

BKGD

176
86

206
114
234
222
153

ROI*3
TH-229

777
691
658
389"

1425
967
903

BKGD

63
43

121
32
59

107
59

ROHM
TH-228

1138
31
86
51

334
417
260

BKGD

94
105
108
102
122
127
91

TRACER pCi added:
LCS Th-232 pCtfmatrtr.
LCSTh-230pCVnwtrtx:

9.01
5.15
4.20

CALCULATED I

REVIEWED BY:

LEG DATE: 06/09/94

DATE

0000001



Quanterra St. Louis
Isotopic Uranium Analysis Project'.

Batch:
537.01
38993

SAMPLE
NUMBER

LCS 38993
BLK 38993
5179401
51 79-001 DUP
5179-005
517&O11
5179-012

PREP
DATE

6/7/94
6/7/94
6/7/94
6/7/94
6/7/94
6/7/94
6/7/94

ALIQUOT
(g)

2.0000
2.0000
2.0891
2.0208
0.0104
0.0101
0.0101

CO
DATE

6/9/94
6/9/94
6/9/94
6/9/94
6/9/94
6/9/94
6/9/94

UNT
TIME (WIN)

100
100
100
100
100
100
100

BKGD
TIME(MIN)

4000
4000
4000
4000
4000
4000
4000

DET
NO.

1
2
3
4
5
6
7

EFF.

0.310
0.317
0.307
0.308
0.311
0.311
0.308

ROI*1
U-238

205

12
3

21
20
18

BKGD

87
53

149
58

153
129
80

ROI#2
U-235,
U-236

9
1
3
1
7
1
1

BKGD

88
3

112
49

112
130
62

ROI#3
U-234

220
30
8
8

26
23
21

BKGD

93
75

147
79

102
117
54

ROI#4
U-232

349
305
22
19

326
321
329

BKGD

84
57

119
111
91

101
69

TRACER pCi added: 10.28
LCS U-238 pCi/matrix: 2.71

CALCULATED BY:

REVIEWED BY:

0000002 Rev. 2
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uanterra
En won mental

Quanterra IncurpciMteJ
13715 Ruler Tnul \orth
Earth Ciry. Missouri 630-15

314 298-8?60 Telephone
3 / 4 298- 8 75 7 fii.v CASE NARRATIVE

Kerr - McGee Corporation
3301 N.W. 150th Street
Oklahoma City, OK 73134

ATTENTION: Caret E. Van De Steeg

October 3, 1995

Page 1 of 2

PROJECT NUMBER: 578.03
DATE RECEIVED: May 24, 1994
NUMBER OF SAMPLES: Four (4)
SAMPLE MATRIX: Soil

I. Introduction

On May 24, 1994, twelve (12) samples were received at Quanterra
Environmental Services at St. Louis from STS Consultants. On September
18, 1995 an additional analysis was requested by Kerr - McGee for the
samples listed below. The list of analytical tests performed, as well
as receipt and analysis, can be found in the attached report. The
samples were labeled as follows:

CLIENT QUANTERRA
SAMPLE ID SAMPLE ID

CD-S156E49N-2-3 9369-001
CD-S156E49N-2-3 9369-001MSD
CD-S156E49N-2-3 9369-001MS
CD-S78E18N-2-3 9369-002
CD-S815E5N-3-4 9369-003
CD-S81E5N-2-3 9369-004

II. Analytical Resuits/Methodology

The analytical results for this report are presented by analytical
tests. Each set of data will include sample identification information,
the analytical results, and the appropriate detection limits.

The analysis requested include: Isotopic Uranium by EPA method U-NAS-
NS-3050



Environmental
Kerr - McGee Corporation Services
Project Number: 578.03
October 3, 1995
Page 2 of 2

III. Quality Control

The QA/QC information can be found immediately following the analytical
data. This QA/QC data are used to assess the laboratory's accuracy and
precision during the analytical procedure.

IV. Comments/Nonconformances

See the attached correspondence attached in regards to QC analysis.
Sample CD-S156E49N-2-3 (9369-001) was chosen for an MS and Dup which is
normally performed for Kerr-McGee projects. The lab mistakenly ran an
MS and MSD and these QC results are reported.

See the attached Conversation Records in regards to running Alpha Spec.
Analysis for 4 samples received from STS in May 1994. Quanterra
processes the Alpha Spec analysis by using Region of Interests not Pulse
Height as indicated in Mr. Berggreens's letter dated 9/20/95.

ISOTOPIC URANIUM

The comparison of the U , U and U results indicate that the sample
is of natural isotopic ratios, not enriched.

I certify that this Case Narrative in compliance with the terms and
conditions of the contract, both technically and for completeness, for
other than the conditions detailed above. Release of the data contained
in this hardcopy data package has been authorized by the laboratory
manager or his designee, as verified by the following signature.

Reviewed and approved:

Diane W. Mueller
Project Manager



Ouanterra September 28, 1995 03:47 pm
11111 Project: 578.03 Kerr McGee OAS No. 578.03 Rev. 0

Master Sample Login: 9369

Review:

Account:

Project Manager: D. Mueller

Draft: fTmaH? Entered and Reviewed
— V

Sample Header Template:

Sample No.
Comments

* Container Type
Data:

9369-001

Client 10

Analysis

C-Matrix "Date: Collected Received Due Shipper

Class Preservative Anal. Due Date Hold Date Site

CD-S156E49N-2-3 Soil

1 AN - Amber Glass-SOOml RAD/ I SOU/04

9369-001DUP CD-S156E49N-2-3 Soil

1 AN - Alter G last -500»l RAD/ I SOU/04

9369-001NS CO-S156E49N-2-3 Soil

1 AN - After CttM-SOOM

9369-002 CO-S78E18H-2-3

1 AN - Amber Glass -500ml

9369-003 CD-S81E5N-3-4

1 AN - Amber Glass-SOOml

9369-004 CO-SB1E5N-2-3

1 AN - Amber Glass-SOOml

RAO/ 1 SOU/04

RAD/ISOU/M

RAD/ I SOU/04

RAD/ I SOU/04

Soil

Soil

Soil

Rad Category Rad Sample No.

(Container Numbers:X Filled)

Z2-HAY-94 12:40 24-MAY-94 09:10 04-OCT-95 IN HOUSE 2

S COLD 02-OCT-95 20-NOV-94 R19D

22-HAY-94 12:40 24-MAY-94 09:10 04-OCT-95 IN HOUSE 2

S COLD 02-OCT-95 20-NOV-94 R19D

22-KAY-94 12:40 24-MAY-94 09:10 04-OCT-95 IN HOUSE 2

S COLD 02-OCT-95 20-NOV-94 R19D

22-MAY-94 16:00 24-MAY-94 09:10 04-OCT-95 IN NOUSC 3

S COLD 02-OCT-95 20-MOV-94 R19D

22-HAY-94 15:00 24-MAY-94 09:10 04-OCT-95 IN HOUSE 3

S COLD 02-OCT-95 20-NOV-94 R19D

22-MAY-94 15:00 24-MAY-94 09:10 04-OCT-9S IN HOUSE 3

S COLD 02-OCT-95 20-NOV-94 R19D

Screening not Required

(179516:25)

Screening not Required

(179516:25)

Screening not Required

(179516:25)

Screening not Required

(179517:25)

Screening not Required

(179518:25)

Screening not Required

(179519:25)

3**Sample has not been rad screened.
Page 1



ITAS - St. Louis June 07, 199* 02:49 f»
Account: 10952 Project: 537.01 STS Consultants QAS No. 563 Rev.

Master Seaple Login: 5179
Project Nanegegĵ J. Powell

Draftj ^<MnalX

Ssevle Header Taeolate:

(staple Ho. Cllant 10

0 Container Type
Data:

5179-001 C1MM9UK49lh2'5

1 AM - Aster Qle**-SOOeU
1
1
1

5179-001DW CO-tlSei 49M-2-J

1 AM - Aster Clasa-MMsU

5179*002; CD*$15Af49M-J-4

1 AN r Atter Claaa-SOtal
1

$179*009 • •'•- {9*$*£tE29ME*el ••

i "" '
5179*004 ::v;C»-*«2K5M-3-4

1 AM - Atter 6laM-500»l
1

5179-005 • jMipjaa.r2.-s

AM - Alter OleM-SOO**

dbiu
C'Matrln

Analysis

;,V::
:::: ;.;.,••..•;•. *"

JUD/OJWft/04
MD/IOOTN/04
RAD/ISOU/04
RAD/fCREEN/04

::y,::;-,;,; • : : • : • • • *» :

MO/4M9W/04

.:'.::!,: ,-..•*:••, w!:
RAD/OMeWOA
RAD/SCRON/04

•- • : :• : ' - : • . - •:.- ^ | l

IAD/fCajEEM/M

• .;-^^ ::- :*?"•

•AD/SCKEN/04

...:••• v.-:.: . '^1- - .

•WTCLP/A4
IXT/TCLP/04

ICAP/TCLP/04

RAD/ltOTM/04
RAD/ISOU/04
RAD/SCRCEM/04

rkJes / f

Data; Collected Received Due Shipper

Class Preservative Anal. Due Date Hold Date Site

22-mr-w

S COLD
S COLD
S COLD
S COLD

Z2-MAY-94

* COLD

• . ... *-*T'*

S COLD
S COLD

. • , . «-W*!*

* COLO
S COLD

2MMV-M

S COLD
S COLD

•-. :̂ *^*?*

COLD
COLD
COLD
COLD
COLD
COLD
COLD
COLD

. : . : : . . r/^ff

12)40 24-MAT-94 09:10

09-JUN*94
09-JUN-94
09-JUN-94
09-JUH-94

12(40 24-HAY-94 09:10

09'JO«-94

12«M 24-HAY-94 09:10

09*JUN-94
09-JUH-94

13)45 24-MV-94 09)10

09-JUH-94
09-JUM-94

14:05 24-NAT-94 09MO

09-JUN-94
09-JUM-94

16)00 24*PWY-94 09)10

09-JUN-94
09-JUH-94
09-JIM-94
09-JUM-94
09-JUN-94
09-JUN-94
09-JUM-94
09-JIM-94

14-JM-94 FEO-CX

20-MOV*94 R190
20-MOV-94 «19fi
20-NOV-94 1190
20-HOV-94 R19D

14"*«-94 Ftt-tt

20-HOV-94 R190

*$**;&#:•

20-HOV-94 R190
20-MOV-94 R19D

14-JW94 FfO-CK

20-MOV*94 R190
20-NOV-94 R19D

14-JuH-94 FCO-IX

20-HOV-94 R19D
20-NOV-94 R199

.14*̂ -94 .̂.

01-JUM-94 R190
05-JUN-94 R19D
22-JUN-94 R19D
21-NOV-94 R19D
20-HOV-94 R190
20-NOV-94 R19D
20-HOV-94 R19D
20-NOV-94 R19D
«5'JMH-94 R19J)

f

Rad Category Rad tsaple Mo,

(Container Nuriiers:X Filled)

2 R2312-012

( (79500:100) J>

(79500:100)
(79500:100)

2 R2312-012

(795001 100)

2 R2312-011

(79581:100)
(79501:100)

3 12312-010

(79504:100)
(79504:100)

3 U312-009

(79585:100)
(79505:100)

3 U312-OOB

(7959>;:100)
(79595:100)
(79595:100)
(79595:100)
(79596:100)
(795*«TDO>,

>rT9596:100) \
U79596:100) L

3*>Sas|>le has not bean rad screened.
Page 1



Project Manager: J, Powell

Praft( Final: Intel

Saaple Header Teaplete:

Staple Mo. Client
CoMHWtS

f Container Type
Data:

2 Ml - Attwr «(•*•' 120N.
2
2

5179-006 . -,,.;. y|||£f||

1 Ml * Mto :MM**«*
1

»W-«*7-.::V,:vVv:;;̂ î *li||
• - ' : ' ' -;: ;•• . ':••.: • ' •: ••:•'" :f^ ' < :-;-!S.Sp:;K "i-JiSSff

1 Ml * tttttr Ct«4^500nl
1 ' '

5179-006 ... :. ..,::,̂ f|||

f a\H • AaaattaM' atl ataU* UflaVl
WH: f̂ R»« :̂ .•»»•*•••••.. r-"?^11

1

SI*** ;;,:*>£|»f

1
5179-010 €»/•»«

• ' , - • • . • : ' . ••••:•••. • - • • . - .

*• - judnf BlaM-MOMl
1

Account:

•«* and Reviewed brt

19 C*ttrl«

Analyst •

FLM/lOlo'/OA
PAIHT/9095/04
PN/904S/04
PN/IT/04
S/9030/04
TOK/9020/04
TOC/9060/84
wM/rcLP/04
2ERO/TCLP/04

NMIrl-rl .;. : • . • .? :-:-..•-:•;:• ;; ,' ::::,::. .,,:, : •• 1 1 ;

" " • ' MIJIHIllUtt •
"" M»/tG»tVQ4 '

Nî îlî lll̂ Ili*'! .• :-;". .;
::?::':̂ ! ;•;:;:;.:• ;f: :':'; •.•; f^s^: :*f̂ :r;.:::' ••;'";': :- V'::: • • ' • ' • ' '

:: -:• »JW/*MeW04 . .
(MD/tOEEI/Qi

!f»-!̂ ::;::;;i: ̂ . .v:::::"u.
me^mtyiH
MO/SCKEM/Q4

1DI-I-4: : , • • . . - • - • . : . ; - . . • ,«oU

RAO/OJMH/04
MD/KMEH/04

Ji-Z-3-9 ,.;. . . Mil

tMtjunmtnii
•AD/SCtEEM/04

HAS - St. Louis
10952 Project: 537.

Master S

•Oetet Collected

Claaa Preser

S COLD
S COLO
S COLD
S COLO
S COLD
S COLD
I COLO
S COLD
S COLO

,-*PM*

- ••::•:. •-.-••9 tM»
9 COU

'.. •,.; • ;.,•:;, -.̂ It̂ lVM*
•'" ' ' " ; •• "•• ':''::"'''

« COLO
S COLO

22-HM-94

1 COLO
S COLD

&-*****

% COLO
S COLO

22-NAV-94

I COLD
S COLD

j3S 67. 1994 02
01 STS Consultants M
*aple Login: 5179

PM Review:

Received

•vatlve Anal. Due Dat«

09-JUN-94
09-JUN-94
09-JUN-94
09-JUN-94
OV-JUN-94
09-JUM-94
09-JUH-94
09-JUM-94
09-JUH-94

14)30 24-Wtr94 09i 10

. - • WJUH94
09-JM-94

14.4B 24-*lM-»4 W«1»
.... .- . . ...... - .; . •. ;;-.-• --• -

09-JUH-94

16100 24'WUMH 09HO

09-JUH-94
09-JUN-94

16(00 24-HAT-94 09«10

09-JUK-94
09-JUN-94

15:00 24-W-94 091 10

09-JOK-94
09-JUM-94

:49p.
S No. 563 Rev. 0

Out Shipper

Hold Date Site

1B-NOV-94 R19D
19-JUN-94 R19D
05-JUN-94 R19D
18-HOV-94 R190
29-NAT-94 R19D
19-J1W-94 R19D
19-JUK-94 R190
08-JUN-94 1091
05-JUM-94 1091

14-JUN-94 FCD-EX

M*WV-« urn
20-MOV-94 it9D

II •• IM ' aaaiiiBv •l**<"«s"W», '•aj'aaj ..
•••::.•:•::•:•:•••:•'•••••• •:•••>>•>•:><

20-*OV<94 R19D
20-NOV-94 R19D

14-JUI-94 FBJ-IX .

20-MOV-94 R19D
20-NOV-94 R190

14-MH-94 F|0-IX

20-HOV-94 R19D
20-HOV-94 R19D

14-JUH-94 Ftt-tt

20-HOV-94 R19D
20-MOV-94 R190

Red Category Red Saaple Ho.

(Container auabers:X Filled)

(79594:100)
(79594:100)
(79594:100)
(79594:100)
(79594:100)
(79590:100 79591:100)
(79592:100 79593:100)
(79592:100 79593:100)

S R2312-00?

(79613:90)
(79613:90)

.. 1., • .,•..-.- R2312006

(79624:90)
(79624:90)

S R2312-005

(79625:90)
(79625:90)

3 R2312-004

(79630:90)
(79630:90)

3 R2312-003

(79635:90)
(79635:90)

5179-011

1 M - M**r ttl»»*'500»l :: -;•

3*-Sâ >le has not bean rad screened.

22-NAY-94 15*00 24-MAf-94 09(10 H"*«"»* '»"«

* COLO Ô JU»V94 20-RW-94 R190

Page 2

12-002



ITAS - St. Louis J5S 07, 1W 02:49p.
Account: 10952 Project: 537.01 STS Consultants QAS No. 563 Rev. 0

Hester S
Project Manager: J. Powell

nrtfti finals Entered and levleued bv>

Saaple Header Template:

teazle Mo. Client 10 C-Hatrl* Detet Collected
CoMents • • . . •• . , ' • • ' • : . : • ' . •

eeple Login: 5179

PN RevleMt

Received Due Shipper

• Container Type Analysis . Class Preservative Anal. Due Date Mold Date Site
Oata:

1 RAD/ISOTN/M S COLO
1 RAO/ISOWQ4 S COLD
1 RM/SCMEN/04 S COLO

$179-012 . . 9yjjf^j:...<:\y-»? x:?.>:: J»U 22-fiA?-94

AN • After 6UM-MNM •KA/TCU/OA COLO
EXT/tCiP/Qi COLD
H6/TCLP/Q4 COLO
ICAP/TCLP/04 COLD
RAO/6ANNA/04 COLD
RM/ISOTN/04 COLO
RAD/ISOU/04 COLO
KAD/SOIEEN/04 COLD

All • After 6laa*>250m CN/9010/04 COLO
FLPT/1010/04 COLD
PAINT/9095/04 COLO
PM/9045/04 COLD
PN/IT/Q4 COLO
S/9030/04 COLO
TOR/9020/04 COLO

2 All • Alter MtttrltOm TOC/9064V04 COLD
2 VOA/ra.P/04 COLO
2 ZENO/TCLP/04 S COLO

09-JUN-M
09-JUN-M
09-JUN-M

15:00 24-NAr-M 09(10

09-JUN-M
09-JUN-M
09-JUN-M
OP-JUK-M
09-JUN-M
09-JUN-M
09-JUN-M
09-JUN-M
09-JUN-M
09-JUN-M
09-JUN-M
09-JUN-M
09-JUN-M
09-JUN-M
09-JUN-M
09-JUN-M
09-JUN-M
09-JUN-M

20-NOV-M R19D
20-NOV-M 1190
20-NOV-M R190

U-JUN-M FED-EX

01-JUN-M R19J)
05-JUN-M R190
22-JUN-M R19D
21-NOV-M R19D
20-NOV-M R190
20-NOV-M R19D
20-NOV-M R19D
20-NOV-M R190
05-JUN-M R19D
la-NOV-M R19D
19-JUN-M R19D
05-JUN-M R190
18-NOV-M 1190
29-NAT-M N19D
19-JUN-M R19D
19-JUN-M 1190
OB-JUN-M 109t
05-JUN-M 1091

tad Category Rad Sa îU ho.

(Container Nuabers:X Filled)

(79636:90)
(79636:90)
(79636:90)

3 R2312-001

(79*44:100)
(79644:100)
(79644:100)
(79644:100)
(79643^100)
09641:100)

/(79643:100) ,
V. (79643s lOOX^xx

(79645:100)
(79645:100)
(79645:100)
(79645:100)
(79645:100)
(79645:100)
(79640:100 79651:100)
(79646:100 79647:100)
(79646:100 79647:100)

3*-Saaple has not been rad screened.
Page 3



Kerr McGee
3301 N.U. 150th Street
OklahoM City. OK 73134

ûanterra
Project: 578.03

Category: Isotopic Uranium
Method: NAS-NS-3050
Matrix: Soil

Client
ID

CO-S156E49N-2-3

CO-S156E49N-2-3

CO-S156E49N-2-3

Quanterra
10 Parameter

9369-001 Uranium-238

9369-001 Ureniun- 235/236

9369-001 Ureniun-234

Prtp
Date

09/27/95

09/27/95

09/27/95

Date
Analyzed

10/03/95

10/03/95

10/03/95

Environmental
Services

Report Date: 10/03/95
Date Sampled: 05/22/94
Date Received: 05/24/94

2 Sigma
Result Units Error

(+/•)

1.62 PCI/G 0.55

0.08 PCI/G 0.12

1.66 PCI/G 0.56

MOA

0.14

0.16

0.12



Kerr McCee
3301 N.U. 150th Street
Oklahoma Ci ty , OK 73134

Environmental
Project: 578.03 Services

Category: Isotopic Uranium Report Date: 10/03/95
Method: NAS-NS-3050 Date Sampled: 05/22/94
Matrix: Soil Date Received: 05/24/94

Client
ID

Quanterra
ID Parameter

Prep
Date

Date
Analyzed Result Units

2 Sigma
Error MDA

CD-S156E49N-2-3 9369-001MS Uraniin-238 09/27/95 10/03/95 144 »EC

CD-S156E49N-2-3 9369-001 MS Uraniw»-234 09/27/95 10/03/95 157 ttEC



Kerr McGee
3301 N.U. 150th Street
Oklahoma City, OK 73134

Environmental
Project: 578.03 Services

Category: Isotopic Uranium Report Date: 10/03/95
Method: MAS-NS-3050 Date Sailed: 05/22/94
Matrix: Soil Date Received: 05/24/94

Client
ID

Quant erra
10 Parameter

Prep
Oatt

Date
Analyzed Result Units

2 Sigma
Error MDA

CD-S156E49N-2-3 9369-001MSO Uraniun-238 09/27/95 10/03/95 124 XREC

CD-S156E49N-2-3 9369-001MSO Uranium-234 09/27/95 10/03/95 128 XREC



Category: 1 so topic Uranium
Method: NAS-NS-30SO
Matrix: Soil

Kerr Me Gee
3301 N.U. 150th Street
Oklahoma City, OK 73134

Project: 578.03
Environmental
Services

Report Date: 10/03/95
Date Sampled: 05/22/94
Date Received: 05/24/94

Client
10

Ouanterra
ID Parameter

Prep
Date

Date
Analyzed Result Units

2 Sigma
Error MDA

CD-S78E18N-2-3

CO-S78E18N-2-3

CC-S78E18N-2-3

9369-002

9349-002

9369-002

Uranium-238

Uranium-235/236

Uraniua-234

09/27/95

09/27/95

09/27/95

10/03/95

10/03/95

10/03/95

32.0

3.25

30.0

PCI/G

PCI/C

PCI/G

6.8

1.08

6.4

0.2

0.27

0.2



Category: Itotopic Uraniin
Method: MAS-MS-3050
Matrix: Soil

Ktrr McGM
3301 N.U. 150th Street
OklahoM City, OK 73134

Project: 578.03

ûanterra
Environmental
Services

Rtport Date: 10/03/9S
Date Sampled: 05/22/94
Date Received: 05/24/94

Client
10

CD-S81E5N-3-4

CO-S81E5M-3-4

CD-S81E5M-3-4

Quanterra
ID

9369-003

9369-003

9369-003

Parameter

Uranium- 238

Uranium- 235/236

Uraniun-234

Prep
Data

09/27/95

09/27/95

09/27/95

Date
Analyzed

10/03/95

10/03/95

10/03/95

Result

82.8

10.4

89.6

Units

PCI/G

PCI/G

PCI/G

2 Signa
Error
(+/-)

17.2

2.6

18.6

MDA

0.2

0.2

0.2



*

^uanterra
Kerr McGee
3301 M.U. 150th Street
Oklahoma City, OK 73134

Environmental
Project: 578.03 Services

Category: Isotopic Uranium Report Date: 10/03/95
Method: MAS-MS-3050 Date Sampled: 05/22/94
Matrix: Soil Date Received: 05/24/94

Client
10

CO-S81E5M-2-3

CD-S81E5M-2-3

CO-S81E5N-2-3

Quant erra
ID

9369-004

9369-004

9369-004

Parameter

Uranium- 238

Uraniua- 235/236

Uraniun-234

Prep
Date

09/27/95

09/27/95

09/27/95

Date
Analyzed

10/03/95

10/03/95

10/03/95

Result

52.4

7.47

51.1

Units

PCI/G

PCI/G

PC I/O

2 Sigma
Error
(+/-)

11.1

2.04

10.8

MDA

0.2

0.31

0.3



Catigory: Isotopic Uranim
I Method: NAS-NS-3050

Matrix: Soil

Ktrr NcCee
3301 N.W. 150th Street
Oklahcaa City. OK 73134

Project: 578.03

n terra
Environmental
Services

Report Date: 10/03/95
Date Sampled: N/A
Date Received: N/A

Client
ID

Quanterra
10 Parameter

Prep Date 2 Sigma
Oatt Analyzed B°sult Units Error

<*/•)
MOA

NA

NA

NA

OCBLK78772-1 Uraniun-2M

QCBLK78772-1 Uraniun-235/234

QCBIK78772-1 Uraniuti-234

09/27/95 10/03/95

09/27/95 10/03/95

09/27/95 10/03/95

•0.0007 PCI/G O.OOU 0.0959

0.10 PCI/G 0.12 O.U

-0.001 PCI/G 0.002 0.105



Category:
Method:
Matrix:

Isotopic Uraniim
NAS-NS-30SO
Soil

Kerr McG«e
3301 N.U. 150th Street
Oklahoma City, OK 73134

Project: 578.03
Environmental
Services

Report Date: 10/03/95
Date Sampled: N/A
Date Received: N/A

Client
ID

Quanterra
10 Parameter

Prep
Date

Date
Analyzed Result Units

2 Sigma
Error MDA

NA

MA

OCLCS78772-1

OCLCS78772-1

Uraniui-238

Uranium-234

09/27/95

09/27/95

10/03/95

10/03/95

146

126

XREC

XREC



^uanterra
Serrices

Alpha
Spectroscopy

Uranium

ALPHSPEC.DOC



Environment*;
Services

DATA
REPORTS

0000001
ALSPDR1DOC



DATA REPORTS AND CHANNEL
BY CHANNEL REPORT

ALSPDR2.DOC

0000002



QUANTERRA
St . Louis

ALPHA SPECTROSCOPY REPORT
3-OCT-1995 08:59:44

Spectral File: ND_AMS_ARCHIVE_S : S_78772$9369-001_UU. CNF

RELEASE/BATCH # 78772 * SAMPLE ID: 9369-001
SAMPLE DATE: 3-OCT-1995 00:00:00. * ALIQUOT: 1.026E+00 gram
SAMPLE TITLE: * DETECTOR NUMBER: 005
ACQ DATE: 3-OCT-1995 06:49:30. * AVERAGE EFFICIENCY: 31.3%
ELAPSED LIVE TIME: 5989. * RECOVERY: 42.25%
TRACER ID: U-232 * TRACER FWHM (kev) : 36.60
LAMBDA VALUE: 1000. * ROI TYPE: STANDARD
CORRECTED TRACER DPM: 22.518 * MDA MULTIPLIER: 4.65
SAMPLE MATRIX: SOIL * MDA CONSTANT: 2.71
BKG FILENAME: B 005 29SEP95 *

NUCLIDE ACTIVITY SUMMARY

NUCLIDE ENERGY NET BKG %ABN ACTIVITY TPU/ERROR MDA CRIT LEVEL
AREA pCi/gram 2-SIGMA pCi/gram pCi/gram

U-232 5302.5 296.75 0.25 99.8 9.884E-I-00 1.525E+00 1.677E-01 1.290E-01

U-234 4761.5 49.95 0.05 99.8 1.664E-I-00 5.624E-01 1.249E-01 1.076E-01,.

U-235 4385.5 1.93 0.07 80.9 7.910E-02 1.172E-01 1.637E-01 1.375E-01

U-238 4184.4 48.88 0.12 100.2 1.621E+00 5.524E-01 1.444E-01 1.171E-01

r******* *1

POSITIVE

00000,3



$1*DIA3:[ALPHA.ALUSR.ARCHIVE.S]S_78772*9369-001_UU.CNF;1
005

Spectrum
Title
Sample Title:
Start Time: 3-OCT-1995 06:49:
Real Time : 0 01:39:48.99
Live Time : 0 01:39:48.99

Sample Time: 3-OCT-1995 00:00:
Sample ID : 9369-001
Sample Type: UU

Energy Offset: 3.39533E+03
Energy Slope : 2.63077E+00
Energy Quad : -8.07213E-06

15

10

o
•U

c
3
O
u

3500 4000 4500 5000
Energy (keV)

5500 6000



Channel Contents for ND AMS ARCHIVE S:S 78772$9369-001 UU

Channel

1:
9:

17:
25:
33:
41:
49 :
57:
65:
73 :
81:
89:
97:

105:
113:
121:
129:
137:
145:
153:
161:
169:
177:
185:
193:
201:
2 0 9 :
217:
225:
233:
241:
249:
257:
265:
273:
281:
289:
297:
305:
313:
321:
329:
337:
345:
353:
361:
369:
377:
385:
393:
401:
409:
417:
425:

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
1
1
2
7
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
2
4
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0 -
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
2
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1
0
2
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
4
3
0
0
0
0
0
0
0
0
2
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2
2
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0

00000,5

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
1
0
3
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0



433
441
449
457
465
473
481
489
497
505
513
521
529
537
545
553
561
569
577
585
593
601
609
617
625
633
641
649
657
665
673
681
689
697
705
713
721
729
737
745
753
761
769
777
785
793
801
809
817
825
833
841
849
857
865
873
881
889
897
905

0
0
0
0
0
0
0
0
1
1
1
0
3
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
2
0
3
6
6
4
10
8
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
1
3
1
4
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
1
0
2
8
1
7
10
11
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0

0
0
0
0
0
0
0
0
1
1
0
2
2
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
1
0
1
0
5
6
5
12
3
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
1
1
0
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1
0
0
0
0
0
2
2
5
6

13
3
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
1
0
2
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
3
2
3
6
11
16
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
1
0
0
0
.0
0
3
1
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2
1
0
0
2
4
5
8

16
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
1
2
0
4
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
3
3
8
8
10
9
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0

0
0
0
1
0
1
1
1
1
2
1
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
2
0
1
3
5
6
11
13
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0

0000006



913 :
921:
929:
937:
945:
953:
961:
969:
977:
985:
993:

1001:
1009:
1017:

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0000007



QUANTERRA
St. Louis

Gross Sample Counts Within Peak Regions Generated: 3-OCT-1995 08:59:02.24

Detector ID: 5
Live Time: 0 01:39:48.99
Batch Id: 78772
Sample Type: UU

Acquisition Start:
Real Time:
Sample Id:

3-OCT-1995 06:49:30.05
0 01:39:48.99
9369-001

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err

64 8.18E-03 14.3
58 3.34E-04 70.7
64 8.35E-03 14.1
64 4.96E-02 5.8

1
2
3
4

0
0
0
0

4170
4378
4744
5293

.92

.11

.73

.43

49
2
50
297

0
0
0
0

32
2
73
36

.36

.63

.64

.60

295.
374.
513.
723.

08
00
74
10

262
363
482
690

Fit

Background Counts Within Peak Regions

Live Time: 2 18:32:49.99

Generated: 3-OCT-1995 08:59:13.10

Acquisition Start: 29-SEP-1995 11:42:13.05
Real Time: 2 18:32:49.99

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit

1
2
3
4

0
0
0
0

4158
4419
4742
5290

.51

.07

.21

.00

5
3
2
10

0 3.95 293.50
0 53.80 391.50
0 83.39 513.50
0 0.00 721.50

262 64 2.09E-05 44.7
363 58 1.25E-05 57.7
482 64 8.35E-06 70.7
690 64 4.17E-05 31.6
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QUANTERRA
St. Louis

ALPHA SPECTROSCOPY REPORT
3-OCT-1995 08:58:18

r******************4H

Spectral File: ND_AMS_ARCHIVE_S:S_78772$9369-001MS_UU.CNF

*
RELEASE/BATCH # 78772 * SAMPLE ID: 9369-001MS
SAMPLE DATE: 3-OCT-1995 00:00:00. * ALIQUOT: 1.021E+00 gram
SAMPLE TITLE: * DETECTOR NUMBER: 006
ACQ DATE: 3-OCT-1995 06:49:30. * AVERAGE EFFICIENCY: 30.4%
ELAPSED LIVE TIME: 5989. * RECOVERY: 33.44%
TRACER ID: U-232 * TRACER FWHM (kev): 69.99
LAMBDA VALUE: 1000. * ROI TYPE: STANDARD
CORRECTED TRACER DPM: 22.518 * MDA MULTIPLIER: 4.65
SAMPLE MATRIX: SOIL * MDA CONSTANT: 2.71
BKG FILENAME: B 006 29SEP95 *

NUCLIDE ACTIVITY SUMMARY

NUCLIDE ENERGY NET BKG %ABN ACTIVITY TPU/ERROR MDA CRIT LEVEL
AREA pCi/gram 2-SIGMA pCi/gram pCi/gram

U-232 5302.5 227.80 0.20 99.8 9.934E+00 1.655E+00 2.089E-01 1.635E-01

U-234 4761.5 229.88 0.12 99.8 1.002E+01 2.358E+00 1.899E-01 1.540E-01

U-235 4385.5 14.93 0.07 80.9 8.029E-01 4.451E-01 2.143E-01 1.800E-01

U-238 4184.4 213.80 0.20 100.2 9.283E+00 2.210E+00 2.080E-01 1.628E-01

*******

*** POSITIVE ***

5-

00000C9



$ltDIA3:[ALPHA.ALUSR.ARCHIVE.S]S_78772*9369-001MS_UU.CNF;1
006

Spectrum
Title
Sample Title:
Start Time: 3-OCT-1995 06:49:
Real Time : 0 01:39:48.99
Live Time : 0 01:39:48.99

15

Sample Time: 3-OCT-1995 00:00:
Sample ID : 9369-001MS
Sample Type: UU

Energy Offset:
Energy Slope :
Energy Quad ;

3.51785E+03
2.38533E+00
1.14892E-04

O 0
4000 4500 5000

Energy (keV)
5500 6000



Channel Contents for ND AMS ARCHIVE S:S 78772$9369-001MS UU

Channel

1:
9:

17:
25:
33:
41:
49 :
57:
65:
73:
81:
89:
97:

105:
113:
121:
129:
137:
145:
153:
161:
169:
177:
185:
193:
201:
209 :
217:
225 :
233:
241:
249:
257:
265:
273:
281:
289:
297:
305:
313:
321:
329:
337:
345:
353:
361:
369:
377:
385:
393:
401:
409:
417:
425 :

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1
1
4
4
2
3
0
0
0
0
0
1
1
0
1
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
1
1
3
4
5
6
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
1
0
0
1
0
0
0
0
0
0
3
4
4
6
7
0
0
0
0
0
0
1
0
0
2
0
1
0
0
0
1
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0 -
1
0
0
0
0
0
0
0
1
0
2
0
1
3
6
7
8
3
0
0
0
0
0
0
0
0
0
1
I
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1
0
0
0
0
0
0
0
0
2
2
4

16
14

0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
1
0

0
0
0
0
0
0
0
0
0
0
1
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
1
0
1
1
0
3
1
2
6
6
8
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0

°oooaoi

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
1
0
0
0
2
1
0
0
1
4
2
2
5
7
9
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
1
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
1
3
0
0
2
5
6
7
8
1
0
0
0
0
0
0
1
1
0
0
0
0
1
0
0
0
0



433 :
441 :
449:
457:
465:
473:
481:
489:
497:
505:
513:
521:
529:
537:
545:
553:
561:
569:
577:
585:
593:
601:
609:
617:
625:
633:
641:
649 :
657:
665:
673:
681:
689:
697:
705:
713:
721:
729:
737:
745:
753:
761:
769:
777:
785:
793 :
801:
809:
817:
825:
833:
841:
849:
857:
865:
873:
881:
889:
897:
905:

0
0
0
2
1
0
2
3
4
4
6

10
0
1
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
6
4
7
7
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
1
1
3
1
0
1

10
6
6
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
1
0
3
1
6
5
7
4
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2
0
0
1
0
1
2
2
4
3
7
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
2
1

10
6
5
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
1
1
2
1
7
9
9
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
1
0
1
2
2
5
6
9
8
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

1
1
1
0
1
1
3
6
4
7
8
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1
1
2
2
1
4
7
4

11
9
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
1
3
1
2
7
5
6
8
0
0
1
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
5
5
6
7
6
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
1
0
0
0
1
2
1
5

12
11

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
2
0
1
1
1
1
5
6
5
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0000012

0
0
0
1
2
3
4
4

10
7
4
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2
1
4
5
8

11
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0



913:
921:
929:
937:
945:
953:
961:
969:
977:
985:
993:

1001:
1009:
1017:

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
1
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0000013



QUANTERRA
St. Louis

Gross Sample Counts Within Peak Regions Generated: 3-OCT-1995 08:57:40.65

Detector ID: 6
Live Time: 0 01:39:48.99
Batch Id: 78772
Sample Type: UU

Pk It Energy

1 0 4191.84
2 0 4402.15
3 0 4749.36
4 0 5287.91

Acquisition Start:
Real Time:
Sample Id:

3-OCT-1995 06:49:30.06
0 01:39:48.99
9369-001MS

Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err
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Fit

Background Counts Within Peak Regions Generated:

Live Time: 2 18:32:49.99
Acquisition Start:

Real Time:

3-OCT-1995 08:57:52.12

29-SEP-1995 11:42:13.06
2 18 :32 :49 .99

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err

69 3 .34E-05 35.4
62 1.25E-05 57.7
67 2 . 0 9 E - 0 5 4 4 . 7
66 3.34E-05 35 .4
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QUANTERRA
St. Louis

ALPHA SPECTROSCOPY REPORT
3-OCT-1995 08:56:59

r********+**********i

Spectral File: ND_AMS_ARCHIVE_S:S_78772$9369-001MSD_UU.CNF
********************************************************+*******************i

*
RELEASE/BATCH # 78772 * SAMPLE ID: 9369-001MSD
SAMPLE DATE: 3-OCT-1995 00:00:00. * ALIQUOT: 1.010E+00 gram
SAMPLE TITLE: * DETECTOR NUMBER: 007
ACQ DATE: 3-OCT-1995 06:49:30. * AVERAGE EFFICIENCY: 30.5%
ELAPSED LIVE TIME: 5989. * RECOVERY: 44.07%
TRACER ID: U-232 * TRACER FWHM (kev): 73.88
LAMBDA VALUE: 1000. * ROI TYPE: STANDARD
CORRECTED TRACER DPM: 22.518 * MDA MULTIPLIER: 4.65
SAMPLE MATRIX: SOIL * MDA CONSTANT: 2.71
BKG FILENAME: B 007 29SEP95 *

NUCLIDE ACTIVITY SUMMARY

NUCLIDE ENERGY NET BKG %ABN ACTIVITY TPU/ERROR MDA CRIT LEVEL
AREA pCi/gram 2-SIGMA pCi/gram pCi/gram

U-232 5302.5 301.28 1.72 99.8 1.004E+01 1.543E+00 2.939E-01 1.921E-01

U-234 4761.5 256.50 1.50 99.8 8.550E+00 1.903E+00 2.802E-01 1.853E-01

U-235 4385.5 13.48 1.52 80.9 5.541E-01 3.348E-01 3.476E-01 2.295E-01

U-238 4184.4 249.70 2.30 100.2 8.288E+00 1.853E+00 3.240E-01 2.070E-01

****************!

*** POSITIVE ***

M5
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Spectrum
Title
Sample Title:
Start Time: 3-OCT-1995 06:49
Real Time : 0 01:39:48.99
Live Time : 0 01:39:48.99

20 -

$1*DIA3:[ALPHA.ALUSR.ARCHIVE.S]S_78772$9369-001MSD_UU.CNF;1
007

Sample Time: 3-OCT-1995 00:00:
Sample ID : 9369-001MSD
Sample Type: UU

Energy Offset:
Energy Slope ;
Energy Quad :

3.44659E+03
2.42252E+00
7.87397E-05

3500 4000 4500 5000
Energy (keV)
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Channel Contents for ND AMS ARCHIVE S:S 78772$9369-001MSD UU
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QUANTERRA
St. Louis

Gross Sample Counts Within Peak Regions Generated: 3-OCT-1995 08:56:15.71

Detector ID:
Live Time:
Batch Id:
Sample Type:

0 01:39:48.99
78772
UU

Pk It Energy

1 0 4184.78
2 0 4417.43
3 0 4751.90
4 0 5295.77

Acquisition Start:
Real Time:
Sample Id:

3-OCT-1995 06:49:30.07
0 01:39:48.99
9369-001MSD

Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err
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Background Counts Within Peak Regions Generated:

Live Time: 2 18:32:49.99
Acquisition Start:

Real Time:

3-OCT-1995 08:56:25.80

29-SEP-1995 11:42:13.07
2 18:32:49.99

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err
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67 2.50E-04 12.9
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QUANTERRA
St. Louis

ALPHA SPECTROSCOPY REPORT
3-OCT-1995 09:01:47

r*+*****************4

Spectral File: ND_AMS_ARCHIVE_S:S_78772$9369-002_UU.CNF

*
RELEASE/BATCH # 78772 * SAMPLE ID: 9369-002
SAMPLE DATE: 3-OCT-1995 00:00:00. * ALIQUOT: 1.025E+00 gram
SAMPLE TITLE: * DETECTOR NUMBER: 008
ACQ DATE: 3-OCT-1995 06:49:30. * AVERAGE EFFICIENCY: 33.1%
ELAPSED LIVE TIME: 5989. * RECOVERY: 28.77%
TRACER ID: U-232 * TRACER FWHM (kev): 64.23
LAMBDA VALUE: 1000. * ROI TYPE: STANDARD
CORRECTED TRACER DPM: 22.518 * MDA MULTIPLIER: 4.65
SAMPLE MATRIX: SOIL * MDA CONSTANT: 2.71
BKG FILENAME: B 008 29SEP95 *

NUCLIDE ACTIVITY SUMMARY

NUCLIDE ENERGY NET BKG %ABN ACTIVITY TPU/ERROR MDA GRIT LEVEL
AREA pCi/gram 2-SIGMA pCi/gram pCi/gram

U-232 5302.5 213.58 0.42 99.8 9.900E+00 1.685E+00 2.661E-01 1.959E-01

U-234 4761.5 646.88 0.12 99.8 2.998E+01 6.387E+00 2.018E-01 1.637E-01

U-235 4385.5 56.83 0.17 80.9 3.249E+00 1.077E+00 2.662E-01 2.106E-01

U-238 4184.4 693.88 0.12 100.2 3.203E+01 6.790E+00 2.010E-01 1.630E-01

*****************

*** POSITIVE ***
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Spectrum
Title
Sample Title:
Start Time: 3-OCT-1995 06:49
Real Time : 0 01:39:48.99
Live Time : 0 01:39:48.99

$1*DIA3: [ALPHA.ALUSR.ARCHIVE.S]S_78772$9369-002_UU.CNF; 1
008

Sample Time: 3-OCT-1995 00:00:
Sample ID : 9369-002
Sample Type: UU

Energy Offset:
Energy Slope :
Energy Quad :
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Channel Contents for ND_AMS_ARCHIVE_S:S_78772$9369-002_UU
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QUANTERRA
St. Louis

Gross Sample Counts Within Peak Regions Generated: 3-OCT-1995 09:00:46.49

Detector ID: 8
Live Time: 0 01:39:48.99
Batch Id: 78772
Sample Type: UU

Pk It Energy

1 0 4169.66
2 0 4423.05
3 0 4740.89
4 0 5279.12

694
57
647
214

Acquisition Start:
Real Time;
Sample Id:

3-OCT-1995 06:49:30.08
0 01:39:48.99
9369-002

Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit

0 42.74 232.74
0132.79 329.63
0 59.62 450.74
0 64.23 654.73

200 64 1.16E-01 3.8
302 58 9.52E-03 13.2
421 63 1.08E-01 3.9
627 63 3.57E-02 6.8

Background Counts Within Peak Regions

Live Time: 2 18:32:49.99

Generated: 3-OCT-1995 09:01:03.06

Acquisition Start: 29-SEP-1995 11:42:13.08
Real Time: 2 18:32:49.99

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err

1
2
3
4

0
0
0
0

4169.99
4428.78
4747.50
5290.70

5
7
5
17

0142.48
0 0.00
0137.30

231.50
330.50
452.00

2.59 658.00

200 64 2.09E-05 44.7
302 58 2.92E-05 37.8
421 63 2.09E-05 44.7
627 63 7.10E-05 24.3

Fit

0000026



QUANTERRA
St. Louis

ALPHA SPECTROSCOPY REPORT
3-OCT-1995 09:04:01

t*******************^

Spectral File: ND_AMS_ARCHIVE_S:S_78772$9369-003_UU.CNF
****************************************************************************1

*

RELEASE/BATCH # 78772 * SAMPLE ID: 9369-003
SAMPLE DATE: 3-OCT-1995 00:00:00. * ALIQUOT: 1.043E+00 gram
SAMPLE TITLE: * DETECTOR NUMBER: 009
ACQ DATE: 3-OCT-1995 06:49:30. * AVERAGE EFFICIENCY: 31.1%
ELAPSED LIVE TIME: 5989. * RECOVERY: 28.10%
TRACER ID: U-232 * TRACER FWHM (kev): 92.82
LAMBDA VALUE: 1000. * ROI TYPE: EXPANDED
CORRECTED TRACER DPM: 22.518 * MDA MULTIPLIER: 4.65
SAMPLE MATRIX: SOIL * MDA CONSTANT: 2.71
BKG FILENAME: B 009 29SEP95 *

NUCLIDE ACTIVITY SUMMARY

NUCLIDE ENERGY NET BKG %ABN ACTIVITY TPU/ERROR MDA CRIT LEVEL
AREA pCi/gram 2-SIGMA pCi/gram pCi/gram

U-232 5302.5 195.75 0.25 99.8 9.724E+00 1.701E+00 2.501E-01 1.924E-01

U-234 4761.5 1803.85 0.15 99.8 8.961E+01 1.857E+01 2.241E-01 1.794E-01

U-235 4385.5 169.00 0.00 80.9 1.036E+01 2.629E+00 1.661E-01 1.661E-01

U-238 4184.4 1672.95 0.05 100.2 8.275E+01 1.719E+01 1.855E-01 1.598E-01

****************!

*** POSITIVE ***
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Spectrum : $1*DIA3: [ALPHA.ALUSR.flRCHIVE. S]S_78772t9369-003_UU.CNF;1
Title : 009
Sample Title:
Start Time: 3-OCT-1995 06:49: Sample Time: 3-OCT-1995 00:00: Energy Offset: 3.31227E+03
Real Time : 0 01:39:48.99 Sample ID : 9369-003 Energy Slope : 2.90198E+00
Live Time : 0 01:39:48.99

60

Sample Type: UU Energy Quad : -1.10080E-04
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Channel Contents for ND AMS ARCHIVE S:S 78772$9369-003 UU

Channel

1:
9:
17:
25:
33 :
41:
49:
57:
65:
73:
81:
89:
97:

105:
113:
121:
129:
137:
145:
153:
161:
169:
177:
185:
193:
201:
209:
217:
225:
233 :
241:
249:
257:
265:
273:
281:
289:
297:
305:
313 :
321:
329:
337:
345:
353:
361:
369:
377:
385:
393:
401:
409:
417:
425:

0
0
0
0
0
0
0
0
0
0
0
0
1
1
1
4
0
1
3
2
2
2
3
2
5
6
5
4
4
7
9
11
14
28
20
38
61
39
8
0
0
3
5
0
3
6
3
1
1
1
1
1
5
6

0
0
0
0
0
0
0
0
0
0
0
0
1
2
0
0
0
0
2
0
1
3
4
0
1
0
4
4
4
3
8

15
15
31
30
32
49
52
3
2
1
0
2
2
2
2
3
1
1
1
1
1
6
2

0
0
0
0
0
0
0
0
0
0
0
2
2
0
0
2
3
1
2
0
2
4
2
2
2
3
7
6
3
8
10
8
14
25
38
30
44
35
1
0
1
0
2
2
5
4
2
4
1
2
1
1
4
2

0
0
0
0
0
0
0
0
0
0
2
1
0
1
1
0
1
2
1 -
1
0
0
1
4
6
3
1
3
6
5
4
12
16
20
35
44
48
37
1
1
1
3
0
3
0
2
1
1
3
0
2
6
5
2

0
0
0
0
0
0
0
0
0
0
0
0
1
3
0
0
0
2
0
1
0
1
1
6
2
5
2
2
5
3
8

13
19
31
37
42
54
24
1
2
3
0
0
2
3
0
2
1
1
2
2
6
1
2

0
0
0
0
0
0
0
0
0
0
1
0
1
2
0
4
1
0
0
3
2
2
1
3
6
2
4
3
4
9
8
15
12
24
30
44
53
28
2
0
4
3
3
0
3
3
2
0
2
4
2
2
5
7

0
0
0
0
0
0
0
0
0
0
0
0
0
1
2
0
2
1
0
1
3
4
1
3
4
4
4
3
1
7

13
14
13
31
46
33
52
12
2
0
4
0
5
1
4
1
1
3
0
2
3
3
3
3

0
0
0
0
0
0
1
0
0
0
1
0
1
0
1
0
1
0
0
3
3
4
0
0
3
4
3
7
8
5
9
11
9

29
39
41
48
7
0
0
4
1
0
2
3
1
5
2
2
3
2
2
3
1

0000029



433 :
441:
449:
457:
465:
473:
481:
489:
497:
505:
513 :
521:
529:
537:
545:
553:
561:
569:
577:
585:
593:
601:
609:
617:
625:
633:
641:
649:
657:
665:
673:
681:
689:
697:
705:
713 :
721:
729:
737:
745:
753 :
761:
769:
777 :
785:
793:
801:
809:
817:
825:
833:
841:
849:
857:
865:
873:
881:
889:
897:
905:

7
5
8
8

13
12
26
42
39
44
20
0
0
0
0
0
1
0
0
0
1
0
0
0
1
0
0
0
4
1
2
1
2
4
1
3
0
1
0
0
0
1
0
0
0
0
0
0
1
0
0
0
0
1
0
0
0
0
0
0

5
4
9
7
12
22
36
37
37
59
22
0
0
1
0
0
0
0
0
0
0
1
0
1
0
0
2
1
0
2
1
3
1
3
5
11
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0

1
7
7

10
15
17
36
50
46
58
15
0
0
0
0
0
0
0
1
0
0
0
0
1
2
1
1
1
1
0
3
7
2
4
8
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2
0
0
0
0
0
0
0
0

2
1
8

13
15
19
24
39
45
51
13
0
1
0
0
0
1
0
1
0
0
1
0
0
0
0
0
1
1
3
0
4
9
2
7
3
0
0
0
0
0
0
0
0
0
0
1
0
0
0
1
2
0
0
0
0
0
0
0
0

6
7
5
5

19
18
34
41
47
56
6
0
0
0
0
0
0
0
0
0
1
0
0
0
1
0
1
2
1
1
1
5
3
2
5
0
0
0
0
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

10
2
5
11
15
16
40
54
46
52
4
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
2
0
1
4
2
4
6
6
9
1
0
0
0
1
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0

5
10
7

15
16
32
28
42
48
41
3
0
1
0
1
0
0
0
1
0
0
0
0
1
0
0
1
0
0
3
1
2
3
2
8
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

8
3
8
8
12
24
29
50
38
41
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
1
0
1
2
2
3
4
4
5
0
0
1
1
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0

0000030



913 :
921:
929:
937:
945:
953:
961:
969:
977:
985:
993 :
1001:
1009:
1017:

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
o
o
0
0
0
0
o
0
o
o
o
0

0
0
o
o
o
0
o
o
o
o
o
o
o
0

o
o
o
o
o
o
o
o
o
o
o
o
o
0

0000031



QUANTERRA
St. Louis

Gross Sample Counts Within Peak Regions Generated: 3-OCT-1995 09:02:58.52

Detector ID: 9
Live Time: 0 01:39:48.99
Batch Id: 78772
Sample Type: UU

Pk It Energy

1 0 4125.26
2 0 4413.83
3 0 4716.55
4 0 5272.46

1673
169
1804
196

Acquisition Start:
Real Time:
Sample Id:

3-OCT-1995 06:49:30.09
0 01:39:48.99
9369-003

Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err

0100.45 283.19
0192.00 385.22
0 97.56 493.13
0 92.82 693.72

251 82 2.79E-01 2.4
345 77 2.82E-02 7.7
456 83 3.01E-01 2.4
651 85 3.27E-02 7.1

Fit

Background Counts Within Peak Regions

Live Time: 2 18:32:49.99

Generated: 3-OCT-1995 09:03:11.07

Acquisition Start: 29-SEP-1995 11:42:13.09
Real Time: 2 18:32:49.99

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit

1
2
3
4

0
0
0
0

4157.44
4412.93
4729.65
5270.08

2
0
6
10

0 65.27 291.50 251 82 8.35E-06 70.7
0 0.00 383.00 345 77 O.OOE+00 0.0
0 0.00 497.00 456 83 2.50E-05 40.8
0221.36 693.00 651 85 4.17E-05 31.6
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QUANTERRA
St. Louis

ALPHA SPECTROSCOPY REPORT
3-OCT-1995 09:06:16

r********************

Spectral File: ND_AMS_ARCHIVE_S:S_78772$9369-004_UU.CNF
*****************************************************************************

*
RELEASE/BATCH # 78772 * SAMPLE ID: 9369-004
SAMPLE DATE: 3-OCT-1995 00:00:00. * ALIQUOT: 1.008E+00 gram
SAMPLE TITLE: * DETECTOR NUMBER: 010
ACQ DATE: 3-OCT-1995 06:49:30. * AVERAGE EFFICIENCY: 30.8%
ELAPSED LIVE TIME: 5989. * RECOVERY: 28.29%
TRACER ID: U-232 * TRACER FWHM (kev): 94.56
LAMBDA VALUE: 1000. * ROI TYPE: EXPANDED
CORRECTED TRACER DPM: 22.518 * MDA MULTIPLIER: 4.65
SAMPLE MATRIX: SOIL * MDA CONSTANT: 2.71
BKG FILENAME: B 010 29SEP95 *

NUCLIDE ACTIVITY SUMMARY

NUCLIDE ENERGY NET BKG %ABN ACTIVITY TPU/ERROR MDA CRIT LEVEL
AREA pCi/gram 2-SIGMA pCi/gram pCi/gram

U-232 5302.5 195.70 0.30 99.8 1.006E+01 1.760E+00 2.702E-01 2.047E-01

U-234 4761.5 994.65 0.35 99.8 5.112E+01 1.082E+01 2.807E-01 2.100E-01

U-235 4385.5 117.78 0.22 80.9 7.467E+00 2.042E+00 3.117E-01 2.417E-01

U-238 4184.4 1023.85 0.15 100.2 5.239E+01 1.107E+01 2.308E-01 1.848E-01

****************i

*** POSITIVE ***
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*1$OIA3:[ALPHA.ALUSR.ARCHIVE.S]S_78772$9369-004_UU.CNF;1
010

Spectrum
Title
Sample Title:
Start Time: 3-OCT-1995 06:49:
Real Time : 0 01:39:48.99
Live Time : 0 01:39:48.99

Sample Time: 3-OCT-1995 00:00:
Sample ID : 9369-004
Sample Type: UU

Energy Offset:
Energy Slope ;
Energy Quad :

3.42671E+03
2.64208E+00
2.39620E-05

3500 4000 4500 5000
Energy (keV)

5500 6000



Channel Contents for ND AMS ARCHIVE S:S 78772$9369-004 UU
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QUANTERRA
St. Louis

Gross Sample Counts Within Peak Regions Generated: 3-OCT-1995 09:05:20.57

Detector ID:
Live Time:
Batch Id:
Sample Type:

10
0 01:39:48.99
78772
UU

Pk It Energy

1 0 4152.83
2 0 4406.84
3 0 4723.92
4 0 5274.39

1024
118
995
196

Acquisition Start:
Real Time:
Sample Id:

3-OCT-1995 06:49:30.10
0 01:39:48.99
9369-004

Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err

0 69.64 274.15
0159.55 369.73
0 70.98 488.82
0 94.56 694.95

230 87 1.71E-01 3.1
330 81 1.97E-02 9.2
447 87 1.66E-01 3.2
651 87 3.27E-02 7.1

Fit

Background Counts Within Peak Regions

Live Time: 2 18:32:49.99

Generated: 3-OCT-1995 09:05:32.79

Acquisition Start: 29-SEP-1995 11:42:13.10
Real Time: 2 18:32:49.99

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err

87 2.50E-05 40.8
81 3.76E-05 33.3
87 5.84E-05 26.7
87 5.01E-05 28.9

1
2
3
4

0
0
0
0

4146
4406
4727
5273

.94

.42

.55

.77

6
9

14
12

0
0
0

0
3
2

0184

.00

.92

.67

.38

273
370
490
694

.00

.00

.00

.00

230
330
447
651

Fit
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QUANTERRA
St. Louis

ALPHA SPECTROSCOPY REPORT
3-OCT-1995 08:55:15

*********************
Spectral File: ND_AMS_ARCHIVE_C:C_78772$LCS_UU.CNF
************************** *************************

*
RELEASE/BATCH # 78772 * SAMPLE ID: LCS
SAMPLE DATE: 3-OCT-1995 00:00:00. * ALIQUOT: l.OOOE+00 gram
SAMPLE TITLE: * DETECTOR NUMBER: 001
ACQ DATE: 3-OCT-1995 06:49:30. * AVERAGE EFFICIENCY: 28.9%
ELAPSED LIVE TIME: 5989. * RECOVERY: 57.34%
TRACER ID: U-232 * TRACER FWHM (kev): 74.98
LAMBDA VALUE: 1000. * ROI TYPE: STANDARD
CORRECTED TRACER DPM: 22.518 * MDA MULTIPLIER: 4.65
SAMPLE MATRIX: SOIL * MDA CONSTANT: 2.71
BKG FILENAME: B_001_29SEP95 *

*
r * i

NUCLIDE ACTIVITY SUMMARY

NUCLIDE ENERGY NET BKG %ABN ACTIVITY TPU/ERROR MDA CRIT LEVEL
AREA pCi/gram 2-SIGMA pCi/gram pCi/gram

U-232 5302.5 371.75 0 . 2 5 99.8 1.014E+01 1.473E-I-00 1.374E-01 1.057E-01

U-234 4761.5 250.78 0 . 2 2 99 .8 6 .842E+00 1.489E+00 1.341E-01 1.040E-01

U-235 4385.5 11.95 0 . 0 5 80 .9 4 .022E-01 2 .439E-01 1.262E-01 1.087E-01

U-238 4184.4 2 9 0 . 9 5 0 . 0 5 100.2 7 .905E+00 1.680E+00 1.019E-01 8.775E-02

*** POSITIVE ***
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Spectrum
Title
Sample Title:
Start Time: 3-OCT-1995 06:49:
Real Time : 0 01:39:48.99
Live Time : 0 01:39:48.99

15

*1$DIA3: [ALPHA.ALUSR. ARCHIVE.C]C_78772$LCS_UU.CNF;1
001

Sample Time: 3-OCT-1995 00:00:
Sample ID : LCS
Sample Type: UU

Energy Offset;
Energy Slope ;
Energy Quad :

3.63739E+03
2.53920E+00
1.23052E-04

10 '

nj->
c
Doo

5 -

o
o
o
o
o

4000 4500 5000
Energy (keV)
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Channel Contents for ND AMS ARCHIVE C:C 78772$LCS UU
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913: 0 0 0 0 0 0 0 0
921: 0 0 0 0 0 0 0 0
929: 0 0 0 1 0 0 0 0
937: 0 1 0 0 0 0 0 0
945: 0 0 0 0 0 0 0 0
9 5 3 : 0 0 0 0 0 0 0 0
961: 1 0 0 0 0 0 0 0
969: 0 0 0 0 0 0 0 0
977: 0 0 0 0 0 0 0 0
985: 0 0 0 0 0 0 0 0
993: 0 0 0 0 0 0 0 0
1001: 0 0 0 0 0 0 0 0
1009: 0 0 0.0 0 0 0 0
1017- 0 0 0 0 0 0 0 0
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QUANTERRA
St. Louis

Gross Sample Counts Within Peak Regions Generated: 3-OCT-1995 08:54:35.04

Detector ID: 1 Acquisition Start: 3-OCT-1995 06:49:30.01
Live Time: 0 01:39:48.99 Real Time: 0 01:39:48.99
Batch Id: 78772 Sample Id: LCS
Sample Type: UU

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit

1 0 4190.57 291 0 71.01 215.60 175 65 4.86E-02 5.9
2 0 4421.98 12 0119.34 304.50 277 58 2.00E-03 28.9
3 0 4753.42 251 0 66.01 430.54 396 63 4.19E-02 6.3
4 0 5291.31 372 0 74.98 632.00 600 63 6.21E-02 5.2

Background Counts Within Peak Regions Generated: 3-OCT-1995 08:54:48.79

Acquisition Start: 29-SEP-1995 11:42:13.01
Live Time: 2 18:32:49.99 Real Time: 2 18:32:49.99

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit

1 0 4169.77 2 0 63.09 207.00 175 65 8.35E-06 70.7
2 0 4425.14 2 0 2.52 305.50 277 58 8.35E-06 70.7
3 0 4743.72 9 0 0.00 427.00 396 63 3.76E-05 33.3
4 0 5287.56 10 0 0.00 631.00 600 63 4.17E-05 31.6
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QUANTERRA
St. Louis

ALPHA SPECTROSCOPY REPORT
3-OCT-1995 08:53:41

r*******************i

Spectral File: ND_AMS_ARCHIVE_R:R_78772$BLK_UU.CNF
>*i
*

RELEASE/BATCH # 78772 * SAMPLE ID: BLK
SAMPLE DATE: 3-OCT-1995 00:00:00. * ALIQUOT: l.OOOE+00 gram
SAMPLE TITLE: * DETECTOR NUMBER: 003
ACQ DATE: 3-OCT-1995 06:49:30. * AVERAGE EFFICIENCY: 28.4%
ELAPSED LIVE TIME: 5989. * RECOVERY: 57.00%
TRACER ID: U-232 * TRACER FWHM (kev): 50.60
LAMBDA VALUE: 1000. * ROI TYPE: STANDARD
CORRECTED TRACER DPM: 22.518 * MDA MULTIPLIER: 4.65
SAMPLE MATRIX: SOIL * MDA CONSTANT: 2.71
BKG FILENAME: B 003 29SEP95 *

NUCLIDE ACTIVITY SUMMARY

NUCLIDE ENERGY NET BKG VABN ACTIVITY TPU/ERROR MDA CRIT LEVEL
AREA pCi/gram 2-SIGMA pCi/gram pCi/gram

U-232 5302.5 362.78 0.22 99.8 1.014E+01 1.479E+00 1.374E-01 1.066E-01

U-234 4761.5 -0.05 0.05 99.8 -1.398E-03 1.993E-03 1.048E-01 9.031E-02

U-235 4385.5 2.93 0.07 80.9 1.009E-01 1.209E-01 1.374E-01 1.154E-01

U-238 4184.4 -0.02 0.02 100.2 -6.960E-04 1.397E-03 9.592E-02 8.568E-02

r ****** *1
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Spectrum
Title
Sample Title:
Start Time: 3-OCT-1995 06:49
Real Time : 0 01:39:48.99
Live Time : 0 01:39:48.99

*1$DIA3: [ALPHA.ALUSR.flRCHIVE.R]R_78772$BLK_UU. CNF; 1
003

Sample Time: 3-OCT-1995 00:00:
Sample ID : BLK
Sample Type: UU

Energy Offset:
Energy Slope :
Energy Quad :

3.46759E+03
2.54929E+00
5.37548E-05

15

n
•£10
D
O
o

_L

3500 4000 4500
Energy

5000
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Channel Contents for ND_AMS_ARCHIVE_R:R_78772$BLK_UU

Channel
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QUANTERRA
St. Louis

Gross Sample Counts Within Peak Regions Generated: 3-OCT-1995 08:52:42.00

Detector ID: 3
Live Time: 0 01:39:48.99
Batch Id: 78772
Sample Type: UU

Pk It Energy

1 0 4167.55
2 0 4418.19
3 0 4743.96
4 0 5292.27

0
3
0

363

Acquisition Start:
Real Time:
Sample Id:

3-OCT-1995 06:49:30.03
0 01:39:48.99
BLK

Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err

0 0.00 273.00
0130.01 370.00
0 0.00 495.50
0 50.60 705.27

241 65 O.OOE+00 0.0
344 59 5.01E-04 57.7
464 64 O.OOE+00 0.0
672 64 6.06E-02 5.2

Fit

Background Counts Within Peak Regions

Live Time: 2 18:32:49.99

Generated: 3-OCT-1995 08:52:54.61

Acquisition Start: 29-SEP-1995 11:42:13.03
Real Time: 2 18:32:49.99

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit

1
2
3
4

0
0
0
0

4167.83
4425.26
4742.32
5284.92

1
3
2
9

0 2.53 273.00
0111.51 373.00
0 20.27 495.50
0152.06 703.50

241 65 4.17E-06100.0
344 59 1.25E-05 57.7
464 64 8.35E-06 70.7
672 64 3.76E-05 33.3
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IS. 00
IS. 00
IS. 00
IS. 00
IS. 00
IS. 00
IS. 00
IS. 00
18.00
IS. 00
11.00
11.00

93.31
32.21
31. 7f
92.33
31. S3
32.44
32.19
31. ft
32.11
11. OS
32.09
91.99
91.22
91.78
92.10
32.25
42.74
44.09
43.44
49.47
49.47
44. S4
43.19
49. €5
44.95
49.94
44.49
44. S3
43.44
43.94
44.79
42.03
30.00
30.00
90.00
90.00
30.00
30.00
30.00
30.00
30.00
30.00
90.00
90.00
90.00
90.00
90.00
90.00

10 -MV- 1994 12:57
10-KV-1994 12:47
10 -MV- 1994 12:57
10-WOV-1994 12:57
10-VOV-1994 12:57:
10-NOV-1994 12:57:
10-NOV-1994 12:57:
10-NOV-1994 12:57.
10-NOV-1994 12:57:
10-»OV'1994 12:57:
10-NOV-1994 12:57:
10-MOV-1994 12:57:
10-NOV-1994 12:57:
10-NOV-1994 15:41:
10-MV-1994 12:57:
10-MOV-1994 12:57:'
10-MQV-1994 13:34:(
10-NOV-1994 13:34:(
10-9JQV-1994 13:34:1
10 -MOV- 1994 13:34:<
10 -HOY- 1994 13.34:(
10 -HOY- 1994 13:34:(
10-BOV-1994 13:34:<
10-MOV-1994 13:34:(
10-9BV-1994 13:34:C
10-9BV-1994 13:34:C
10-MOV-1994 13:34:0
10-NOV-1994 13:34:0
10-MOV-1994 13:34:0
10-MOV-1994 13:34:0
10-HOV-1994 13:34:0
10-NGV-1994 13:34:0
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SHIPPER'S CERTIFICATION FOR RADIOACTIVE KATMTALS

"This package conforms to the conditions and iimitations specified
in 49 CFR 173.421 for radioactive material, excepted package -
limited quantity of material, UN 2tlO end 4* cm 173.422 for
radioactive material, excepted package; - instruments or articles.
UN 2*10."

t hereby certify that this package also conforms to all packaging
requirements of the U.S. Department of Transportation and the
International Air Transport Association (IATA) Rules and
Regulations regarding the shipment of radiosctive materials.

The materials are packed in strong, tight packages that will not
leaJc during normal transport conditions, the radiation level on the
exterior surface of the package doss not exceed o.s mrsm/hr.,
nonfixed (removable) contamination doom not exceed applicable
limits, and the outside of the inner container bears the marking
"Radioactive".

Mo other labels ars requirod.

SOURCE INFORMATION

total Total-.
Modal HO. Isotope Activity Quantity strUl Ho.
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Authorised Signaturs
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COTTONS: Qu*nt«rr», Inc.

13715 Md«r Trail north
Urth City. NO (30*5
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9.0.

0ATB UlfMD

, 130552

s.o.

i 10/19/9*

s-cwoo

r**io*eti«« eowre** or eerrteM eaaprUiaf

Ality Meurtaoe. f*«M*u<M, ••<«
• with •ptclflcAtlOM
e

«AlU»ttlOM Of
*r« u

itrmct/

eaiiftratioa
to MtioMl ZMtittrt* e«

ia*4
tut*

!«••<

M •• *

Liae «Mrr«att the
it ef

0000082



CERTIFICATE OF CALIBRATION
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CERTIFICATE OF CALIBRATION
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CERTIFICATE OF CALIBRATION
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CERTIFICATE OF CALIBRATION
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CERTIFICATE OF CAUBRATION
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t.0.* S-02900
130552

No. DBS-JO S«*Mo. 1921-9*

0.79

2.23 of 1.91 cm

»/N 2393/91
bMflMMttoMCTbr

property*

•loan

1.

Th* fcomtfMMteotoftfwata.

0000093



CERTIFICATE OF CAUBRATION
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CERTIFICATE OF CALIBRATION
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CERTIFICATE OF CALIBRATION
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Servica

DAILY PULSER CHECK

ALSPIC2DOC

OG00100



Review of QA results (Daily Pulser Check )

Detector Parameter Flag

3-OCT-1995 06:25:12.65

Filename

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

DATE:

BY: N£

ALL
PSENERGY-5000
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
PSFWHM-5000

16 5 TS

-&D

Passed
Action
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Action

APPROVAL TIME:

PROCEDURE #

D 001 NONE
D 002 NONE
D 003 NONE
D 004 NONE
D 005 NONE
D 006 NONE
D 007 NONE
D 008 NONE
D 009 NONE
D 010 NONE
D Oil NONE
D 012 NONE
D 013 NONE
D 014 NONE
D 015 NONE
D 016 NONE
D 017 NONE
D 018 NONE
D 019 NONE
D 020 NONE
D 021 NONE
D 022 NONE
D 023 NONE
D 024 NONE
D 025 NONE
D 026 NONE
D 027 NONE
D 028 NONE
D 029 NONE
D 030 NONE
D 031 NONE
D_032_NONE

las*

/3M7

Report completed at 3-OCT-1995 06:30:20.91

OCGCK'l



QA filename
Parameter Name
Start/End Dates
Mean +- Std Dev

$1$DIA3: [ALPHA.ALUSR.QA.D]BATCH_D.QAF; 1
PSFUHM-5000 (Peak FUHM 5000)
l-JAN-1994 00:01:01 through 24-JAN-1995 08:35:41
21.5105 +- 13.5914 (63.18 X)

60
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o
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3 onif 20
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o
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f

x x
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5 1
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< x }
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0 1
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x
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X
<

5 2
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X

<

x
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0 2

X

yf

X )
X

X

5 3

X

<

X X
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INV

MEAN
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Run Number



c.
Co

f ilenanws
irar»eter Name
tart/End Dates
lean +- Std Dev

PSENERGY-5000 (PeaK .̂..
l-JAN-1994 00:01:01 througn
4978.80 +- 43.9110 (0.88 X)

5100

o
o
to
>>
X*i.
t)
c
IU

5000

4900

4800

X

-*-

ACT

INV

x x

10 15 20 25

MEAN

X

INV

ACT

30

Run Number



QA filename
Parameter Name
Start/End Dates
Mean +- Std Dev

5400

o
o
o
in

UJ
CC
<£

I)
Q.

5200

5000

O
O
o
ea 4800

$1*OIA3: [ALPHA.ALUSR.QA.D]BATCH_D.QAF; 1
PSAREA-5000 (Peak AREA 5000)
l-JAN-1994 00:01:01 through 24-JAN-1995 08:35:41
5174.73 +- 139.102 (2.69 X)

ACT

INV

MEAN

X

INV

10 15 20 25 30 ACT

Run Number



Envirooaaentml

WEEKLY CALIBRATION
UPDATE

ALSPIC3DOC
0000105



Review of QA results (Energy Calibration Check ) 2-OCT-1995 12:20:00,

Detector Parameter Flag Filename

1
2
2
3
4
5
6
1
&
9

10
11
12
13
14
15
16
17
IS
19
20
21
22
23
24
25
26
27
28
29
30
31
32

ALL
ECSLOPE
PSENERGY-CM244
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL

Passed
Below
Below
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed

SECOND 001 2oct95
SECOND 002 2oct95
SECOND 002 2oct95
SECOND 003 2oct95
SECOND 004 2oct95
SECOND 005 2oct95
SECOND 006~2oct95
SECOND 007 2oct95
SECOND 008 2oct95
SECOND 009 2oct95
SECOND 010 2oct95
SECOND Oil 2oct95
SECOND 012 2oct95
SECOND 013 2oct95
SECOND 014 2oct95
SECOND 015 2oct95
SECOND 016 2oct95
SECOND 017 2oct95
SECOND 018 2oct95
SECOND 019 2oct95
SECOND 020 2oct95
SECOND 021 2oct95
SECOND 022 2oct95
SECOND 023 2oct95
SECOND 024 2oct95
SECOND 025 2oct95
SECOND 026 2oct95
SECOND 027 2oct95
SECOND 028 2oct95
SECOND 029 2oct95
SECOND 030 2oct95
SECOND 031 2oct95
SECOND 032 2oct95

APPROVAL DATE:

APPROVED BY:

APPROVAL TIME:

PROCEDURE #

Report completed at 2-OCT-1995 12:23:12.93

0000106



QA filename : $1$DIA3:[ALPHA.ALUSR.QA.SECOND]BATCH-SECOND.QAF;3
Parameter Name : ECSLOPE (Calibration Slope)
Start/End Dates : l-JftN-1994 00:01:01 through l-JAN-1994 00:02:16
Lower/Upper Lmts: 0.OOOOOOE+00 through 4.00000
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ĵ

X

x x
X

>

X

X

xx x =

<

X

\f

X
<

X

X

X

UP -H

O
O

10 15 20 25 30 toy

Run Number



Qft filename
Parameter Name
Start/End Dates
Lower/Upper Lmts:

60

: tl*OIA3:[ALPHA.ALUSR.QA.SECOND]BATCH-SECOND.QftF;3
: FUHMCONST (Calibration FUHM)
: l-JAN-1994 00:01:01 through l-JAN-1994 00:02:16
O.OOOOOOE+00 through 60.0000
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QA filename : $1$DIA3:[ALPHA.ALUSR.QA.SECOND]BATCH-SECOND.QAF;3
Parameter Name : PSENER6Y-U238 (Peak Energy U238)
Start/End Dates : l-JAN-1994 00:01:01 through l-JAN-1994 00:02:16
Lower/Upper Lmts: 4084.00 through 4284.00

4250

oo
CO
<M

P
ea

k 
E

n
e
rg

y 
I

k 
*

k
 

r\
1
 

C
) 

C

413U

4100

: x x x >

f

< X X X X 3

5 1

< X X X X 1

0 1

Rl

< X X X x )

5 2

jn Number

< x x x x :

0 2

x x x x x :

5 3

K X X

0

UP
o
o

LOU



QA filename : $l$DIft3: [ALPHA.ALUSR.QA.SECOND]BATCH_SECOND.QAF;3
Parameter Name : PSENERGY-PU239 (Peak Energy Pu239)
Start/End Dates : l-JAN-1994 00:01:01 through l-JftN-1994 00:02:16
Lower/Upper Lmts: 5047.00 through 5247.00

CJ
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QA filename : 11IDIA3: [ALPHA.ALUSR.QA.SECOND]BftTCH_SECOND.QflF; 3
Parameter Name : PSENERGY-AM241 (Peak Energy Am241)
Start/End Dates : l-JAN-1994 00:01:01 through l-JAN-1994 00:02:16
Lower/Upper Lmts: 5375.00 through 5575.00
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QA filename : *1*DIA3:[ALPHA.ALUSR.QA.SECOND]BATCH_SECOND.QAF;3
Parameter Name : PSENERGY-CM244 (Peak Energy CM244)
Start/End Dates : l-JAN-1994 00:01:01 through l-JAN-1994 00:02:16
Lower/Upper Lmt3: 5695.00 through 5895.00
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Review of QA results (Efficiency Calibration Check ) 2-OCT-1995 11:52

Detector Parameter Flag Filename

1
2
2
2
3
4
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

ALL
PSAREA-PU239
AVRGEFF
PSFWHM-PU239
ALL
AVRGEFF
PSFWHM-PU239
PSFWHM-PU239
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
PSFWHM-PU239
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL

Passed
Below
Action
Action
Passed
Action
Action
Investigate
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Investigate
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed

PRIME 001 2oct95
PRIME 002 2oct95
PRIME 002 2oct95
PRIME 002 2oct95
PRIME 003 2oct95
PRIME 004 2oct95
PRIME 004 2oct95
PRIME 005 2oct95
PRIME 006 2oct95
PRIME 007 2oct95
PRIME 008 2oct95
PRIME 009 2oct95
PRIME 010 2oct95
PRIME Oil 2oct95
PRIME 012 2oct95
PRIME 013 2oct95
PRIME 014 2oct95
PRIME 015 2oct95
PRIME 016 2oct95
PRIME 017 2oct95
PRIME 018 2oct95
PRIME 019 2oct95
PRIME 020 2oct95
PRIME 021 2oct95
PRIME 022 2oct95
PRIME 023 2oct95
PRIME 024 2oct95
PRIME 025 2oct95
PRIME 026 2oct95
PRIME 027 2oct95
PRIME 028 2oct95
PRIME 029 2oct95
PRIME 030 2oct95
PRIME 031 2oct95
PRIME 032 2oct95

APPROVAL DATE: /Q -

APPROVED BY:

APPROVAL TIME: /

PROCEDURE #

Report completed at 2-OCT-1995 11:55:32.90
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QA filename
Parameter Name
Start/End Dates
Mean +- Std Dev

: $1$DIA3: [ALPHA.ALUSR.QA.PRIME]BATCH_PRIME.QAF; 5
: AVRGEFF (Average Efficiency)
: l-JAN-1994 00:01:01 through l-JAN-1994 00:02:16
: 0.348127 +- 7.475668E-02 (21.47 X)
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QA filename
Parameter Name
Start/End Dates
Mean +- Std Oev

100

*1$DIA3:[ALPHA.ALUSR.QA.PRIME]BATCH_PRIME.QAF;5
PSFUHM-PU239 (Peak FUHM Pu239)
l-JAN-1994 00:01:01 through l-JAN-1994 00:02:16
39.3506 +- 20.3196 (51.64 X)

m
(M

Q.
50 -

I)
Q.

0 I

o
o
o
o

' x x >

- x

I

<
X X .

x x >

1

5 1

.. X X

< x >

1

0 1

Rl

X

X

^

<

X

5 2

jn Number

X

X

K

>
4

X

X

0 2

. . x. .
X

X

X

5 3

V

X

>

0

ACT

INV

MEAN

INV

ACT



QA filename : $1$DIA3:[ALPHA.ALUSR.QA.PRIME]BATCH_PRIME.QAF; 5
Parameter Name : PSAREA-PU239 (Peak Area Pu239)
Start/End Dates : l-JAN-1994 00:01:01 through l-JAN-1994 00:02:16
Lower/Upper Lmts: 10000.0 through 100000.
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MONTHLY BACKGROUND
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Review of QA results ( Backgrounds UU )

Detector Parameter Flag

2-OCT-1995 08:34:50.28

Filename

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24'
25
26
27
28
29
30
31
32

ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
PSCTSS-U234
ALL
ALL
ALL
ALL

Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Above
Passed
Passed
Passed
Passed

B 001 29sep95
B 002 29sep95
B 003 29sep95
B 004 29sep95
B 005 29sep95
B 006 29sep95
B 007 29sep95
B 008 29sep95
B 009 29sep95
B 010 29sep95
B Oil 29sep95
B 012 29sep95
B 013 29sep95
B 014 29sep95
B 015 29sep95
B 016 29sep95
B 017 29sep95
B 018 29sep95
B 019 29sep95
B 020 29sep95
B 021 29sep95
B 022 29sep95
B 023 29sep95
B 024 29sep95
B 025 29sep95
B 026 29sep95
B 027 29sep95
B 028 29sep95
B 029 29sep95
B 030 29sep95
B 031 29sep95
B 032 29sep95

APPROVAL DATE:

APPROVED BY:

APPROVAL TIME: (7*4

PROCEDURE «

Report completed at 2-OCT-1995 08:37:55.47

5
2T

00*00118



QA filename
Parameter Name
Start/End Dates
Lower/Upper Lmts:

. 001

: tl$DIA3:[ALPHA.ALUSR.QA.B]BATCH_B_UU.QAF;1
: PSCTSS-U232 (Peak Area U232)
: l-JAN-1994 00:01:01 through l-JAN-1994 00:02:16
-1.OOOOOOE-03 through l.OOOOOOE-03
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QA filename
Parameter Name
Start/End Dates
Lower/Upper Lmts:

$1$DIA3:[ALPHA.ALUSR.QA.B]BATCH_B_UU.QAF;1
PSCTSS-U234 (Peak Area U234)
l-JAN-1994 00:01:01 through l-JAN-1994 00:02:16

•l.OOOOOOE-03 through l.OOOOOOE-03
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QA filename
Parameter Name
Start/End Dates
Louer/Upper Lmts:

: $1*DIA3:[ALPHA.ALUSR.QA.B]BATCH_B_UU.QflF;1•
: PSCTSS-U235 (Peak flrea U236)
: l-JAN-1994 00:01:01 through l-JAN-1994 00:02:16
-1.OOOOOOE-03 through l.OOOOOOE-03
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QA filename
Parameter Name
Start/End Dates
Lower/Upper Lmts:

. 001

$1$DIA3: [ALPHA.ALUSR.QA.B]BATCH_B_UU.QAF; 1
PSCTSS-U238 (Peak Area U238)
l-JAN-1994 00:01:01 through l-JAN-1994 00:02:16

1.OOOOOOE-03 through 1.OOOOOOE-03
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VMS Quality Assurance Report VI.3 Generated 3-OCT-1995 09:07:45

QA filename

Parameter Name
Description
Parameter Units
Num Points Used
Start Date
Minimum Value
Maximum Value
Out-of-range Test
Lower Limit

$1$DIA3:[ALPHA.ALUSR.QA.Y]78772 Y UU SOIL.QAF;!

NCLSP1-U232
Yield U232
%
8
3-OCT-1995 06:49:30
28.1041
57.3432
BOUNDARY
20

Parameter Type
Num Records Read
End Date
Minimum Date
Maximum Date
Test Source
Upper Limit

CONFIGURATION
8
3-OCT-1995 06:49:30
3-OCT-1995 06:49:30
3-OCT-1995 06:49:30
PARAMETER-DEPENDENT
110

Measurement
3-OCT-1995 06
3-OCT-1995 06
3-OCT-1995 06
3-OCT-1995
3-OCT-1995
3-OCT-1995
3-OCT-1995
3-OCT-1995

06
06
06
06
06

Time
=49:30
:49:30
:49:30
:49:30
:49:30
:49:30
:49:30
:49:30

Sample ID
LCS
BLK
9369-001
9369-001MS
9369-001MSD
9369-002
9369-003
9369-004

Value Flags
57.3432
56.9984
42.2519
33.4352
44.0689
28.7704
28.1041
28.2870

0000125



YIELD SUMMARY

ALSPBS3.DOC
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Review of QA results (Tracer Yields/FWHM )

Detector Parameter Flag

3
1
7
6
5
8
9

10

ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL

Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed

3-OCT-1995 09:07:50.47

Filename

R_78772$BLK_UU
C_78772$LCS_UU
S_78772$9369-001MSD_UU
S_78772$9369-001MS_UU
S_78772$9369-001_UU
S_78772$9369-002_UU
S_78772$9369-003_UU
S 78772$9369-004 UU

APPROVAL DATE:

APPROVED BY:

ND_AMS_QA_Y : 7 8 7 7 2_Y_UU_SOIL . QAF

APPROVAL TIME:

PROCEDURE #

Report completed at 3-OCT-1995 09:08:39.87
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ALSPBS4.DOC
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QA filename : $1$DIA3:[ALPHA.ALUSR.QA.Y]78772_Y_UU_SOIL.QAF;1
Parameter Name : NCLSP1-U232 (Yield U232)
Start/End Dates : 3-OCT-1995 06:49:30 through 3-OCT-1995 06:49:30
Lower/Upper Lmts: 20.0000 through 110.000
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PREP DATA SHEET

ALSPRD3.DOC

' OCOC131



EnvijTonaacntrnJ
Service*

St.Louis Laboratory

13715 Rider Trail North
Earth City, MO 63045 1205

Isotopic Uranium Analysis

Prep Date

10
11
12
13
14
15
16
17
18
19
20
21

Batch No.
Project No.

71772

Isotope:
Std Sol'n No. :

Vol (mL):
Ref Activity {pCMnQ :

Act Ref Date ;

U232

f.O
22.82.
011-01-32,

Isotope :
Std Sol'n. No. :

Vol (mL);
Ref Activity (|*a/ifl£) :

Act Ref Date :

U234/U238 JLJ23?/ NA
NA
NA
NA
MA

Comments:

O Prepared By :
O
O Date:

Reviewed and received by:

Date :

CO

ISOU03.XLS Rev 3 (7/94) Page 1 of 1



£nvin»ina*B/
Servian

QC ACCEPTANCE SHEETS

ALSPRD5DOC

OCOC133



VMS Quality Assurance Report VI.3 Generated 3-OCT-1995 08:55:45

QA filename : $1$DIA3:[ALPHA.ALUSR.QA.C]BATCH_C_UU_SOIL.QAF;1

Sample ID : LCS Sample quantity : 1.00 gram
Sample date : 3-OCT-1995 00:00:00 Acquisition date : 3-OCT-1995 06:49:30
Elapsed live time: 0 01:39:48.99 Elapsed real time: 0 01:39:48.99

Out-of-range Test: N-SIGMA

Parameter Description Value Deviation Flag
[Mean+/-Stdev]

*Control Bias U238 0.46 0.75
[0.36+/-0.12]

*Control Bias U234 0.26 -0.73
[0.35+/-0.12]

Flags: "*" means the^ut-ofcrranae test is parameter-dependent

Approved by: fcrfc.^—>c Approval Date: /o / 3 / ¥S

d ^

vl/
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U.S. InvJronmantaJ Protection Af«n«y
environmental Monitoring Syattma Laboratory-Laa V«aa«

Nuclaar Radiation Aaaaaamont DMaton

Calibration Caniflcata

Oasenpiion
*-"•*' '•*•'''•* •* I NATURAL

Inano ••^i

1843«1

Maasuftmant Aomty of principal

" 1 OrmiuB>238

1989

AcMiiy •> davfhiar faaianuciida

"I 49 piccCuriaa of
J Urani\»-23S par
- gran of aolution.

—» Th-234, P»-234, wd 0-234 Manning s«uUr •quilibriun.

Tatal rnaaa •< tMa aatolaii

5.0

aA gnvioavtrieaUy by diMolving • Know
qumtity of tte national Bunau of Standard*' sm 9V3b which

«olution mmt

99.97 i 0.02 pvcant Uraniut CDdda OHOg) in Nitric acid
and diluting to a known waight. natural Oraniua «•* auvjaad to
ceraia^t of 99.28 parcant U-238 and 0.711 paccant D-235 with
•pacific activitiM of 3.3< x 10> and 2.16 x 103 nanoCuriaa par

ra«pactiv«ly.

0000136



U.S. Df PAMTMENT OF COMMERCE
NATIONAL •UKIAU 0* STANOAJtOt

MO 20tM

REPORT OF TRACEABILITY
U.S. Environmental Protection Agency

Environmental Monitoring System* Laboratory
La* Vegas, Nevada

Radionuclide

Source identification

Source description

Source mass

Source composition

Reference time

Uraniua-238

1843-1. prepared by EHSL

Liquid in 5-ml flame-sealed glass aopoule

Approximately 5.0 gram*

Natural uranium in 0.6-molar nitric acid

0700 EST, 15 May*1989

HIS DATA

Radioactivity concentration

Overall uncertainty

Photon-emitting impurities
(Activities at reference time)

Measuring inst:

Half life

Oilference from HBS

Gaithersburg. MD 20199
19 September 1919

AO.OS Bq I*1

1.47 percent*1**

None detected*3)

EMSL DATA

39.6 Bq g'1

5.0 percent(2)

None detected(4)

4va liquid-scintillation Quantitative dissolucio
counter calibrated using of HBS SRM 9SOb natural
MBS SBM 4321 natural uranium oxide
uranium solution
13IU : (4.46J t 0.003) z 109 years*5*
f.̂ Tht 24.10 t 0.03 days
2l*Pa: 6.70 ± O.OS hours
234U : (2.454 t 0.006) x 105 years

-1.16 percent(6)

Leader
Radioactivity Gi '
Center for Radiation Research

Notes on next page

0000137



Individual uncertainties have the significance of on* standard deviation
of the mean, or an approximation thereof. The coabined. uncertainty is
the individual uncertainties shown below added in quadrature. The
overall uncertainty is taken to be three tiaes the combined uncertainty.

Source of uncertainty Uncertainty (Z)

a) liquid-scintillation measurements 0.12

b) gravimetric measurements O.OS

c) deadtine 0.05

d) background 3.10

e) original calibration of SUM 4321 0.13

f) count-rata-vs-energy
extrapolation to zero energy 0.11

g) half life 0.00

h) photon-emitting impurities 0.43

Combined uncertainty 0.49
* 3

Overall uncertainty 1.47

Overall uncertainty reported by EMSL.

The limit of detection for photon-emitting impurities is
0.01 ts*li*1 for energies between 90 and 1900 keV . provided that the
impurity photons are separated in enerty by S keV or more from photons
emitted in the decay of uranium-235 and uranium,-238 and progeny.

(4) The limit of detection for 226U is IMS than 0.24 Bq g'1.

(5) Profoeed Recommended List of Heavy Ilement Radionucllde Decay Data,
DmX(BW)-i49/«, International Atomic Energy Agency, December 1983.

(6) This) result daswnstrates the traeeability of BfiL to NBS, for this
•easuremmnt, to within five percent as specified in the appendix.
Traeeability Studies, of the DA-MBS interagency agreeswnt of
April 1976, as

For further information call Larry Lucas at (301) 975-5546 or FT3 879-55-6.

OCOC138



A - XN X -

Wt of U-238 m ( H ) ( A H ) _ ( A ) ( A M ) m ( A ) ( A M ) ( T H )
g soln Ao ( X ) ( A o ) - l n (0 .5 ) (Ao)

(40.OS)(238 q ) ( 4 . 4 6 8 E09 yr)(3.134E07 sec/vr) ( 3 . 2 2 E-03 q)
(a«c*g) ( m o l ) ( - l n ( O . S ) ) ( 6 . 6 z 3 E 2 3 / n o l ) " g soln

•„ 3.22 mo 0-238 » 1 . 3.24 «g 0 Mt
g soln 0.9928 9 coin

A - Activity (stc"1)

X - Decay constant (s«c~ )

TH • Halflif* (stc)

H m Mumb«r of atoms

AN - Atonic weight

Ao • Avogadro's number (nols* )

OOOG139



I O I *S Continued from P»y

Ott*



^

ConMniMd on P»9*

R««d and Und*nteod iy

DM OM*



•rr
Noteoook No..

Continued Prom P»ge_

Continued on Ptge

0000142
Rtad and Unatri lood By

>'' SilflM Oat* Signed Oil*



ROJECT

Signed Date Signed Date



DOC



UUKTIMCAXE OF CALIBRATION
ALPHA STANDARD SOLUTION

Radionuclide
Half Life:
Catalog No.:
Source No.:
§\--n-jM^in _ ~*UCBDlpUUB Of

a. Mini of ealubon:
b. Chemical fora:

c. Carnor content:
d. Solution denary:

U-232
61.9 ± 1.0 yean

7232-2
388-37

Method of

IT CORPORATION
P.O.No.:
Rdbnooi D*to:
Cnrtannd Radioactivity:

5.2693

UO2O2 in 2N HQ
None added
1.0330

I 1991

1.039
I2K» nr.

0.1974

Weighed aliojuota of the
detector.
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M»C.

with a mufict banier

turn Table of
inaaNlST

of nMcbdnt, bmad on (he blind aaniy(and
(Aa in NBC Regvbnwy Onide 4.15)

BOTOnt PRODUCTS LA
iU^no*

91SM
OGOC145

(Sit) §43 -



•- .C



ECT.
Notebook No..

Continued Prom Pag*.

2.5
(-L

\

P»y

Slgiwd K Ditt Signed D«t»



CHAIN-OF-CUSTODY
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Quanterra St. Louis
Isotopic Thorium Analysis Project:

Batch:
537.01
38993

SAMPLE
NUMBER

LCS 38993
BLK 38993
5179-001
51 79-001 DUP
5179-005
5179-011
5179-012

PREP
DATE

6/7/94
6/7/94
6/7/94
6/7/94
6/7/94
6/7/94
6/7/94

ALIQUOT
(9)
2.0000
2.0000
2.0891
2.0208
00104
0.0101
0.0101

CO
DATE

6/8/94
6/8/94
6/8/94
6/8/94
6/8/94
6/8/94
6/8/94

UNT
TIME (MIN)

200
200
200
100
200
200
200

BKGD
TIME (MIN)

4000
4000
4000
4000
4000
4000
4000

DET
NO.

1
2
3
8
5
6
7

EFF.

0.310
0.317
0.307
0.310
0.311
0.311
0.308

ROI*1
Th-232

1018
3

58
36

288
327
227

BKGD
71
41

141
62

138
153
89

ROI*2
Th-230

1002
106
212
59

228
131
105

BKGD
176
86

208
114
234
222
153

ROI*3
Th-229

777
691
658
389

1425
967
903

BKGD
63
43

121
32
59

107
59

ROI#4
Th-228

1138
31
86
51

334
417
260

BKGD
94

105
108
102
122
127
91

TRACER pCi added: 9.01
LCS Th-232 pCI/m«trlx: 5.15
LCS Th-230 pCi/matrix: 4.20

CALCULATED

REVIEWED

DATE: 6/27/94

DATE:

0000001 Rev. 2
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Isotoplc Uranium Analysis

PROJ:

BATCH:

5)7.01

3BM3

SAMPLE
NUMBER

LCS 38089
BLK 38993
5179401
5179-001 OOP
5179-005
3179411
91 794)12

PREP
DATE

08-07-94
06-07-94
06-07-94
06-07-94
06-07-94
064744
0647-94

(Xfl)*t)

2.0000
2.0000
2.0691
2.0206
0.0104
0.0101
0.0101

COUM
DATE

064944
0649-94
064944
064944
064944
064944
064944

T
TIME

100
100
100
100
100
100
100

BKOD
TIME

4000
4000
4000
4000
4000
4000
4000

OET.
NO.

1

2
3
4

5
' 6

7

EFF

0.310
0.317
0.307
0.308
0.311
0.311
0.308

ROHM
U-238

205
1

12
3

21
20
18

BKGD

87
53

149
56

153
129
80

ROW2
U-235.
U-236

9
1
3
1
7
1
1

BKGD

86
30

112
48

112
130
82

ROtf3
U-234

220
3
8
8

26
23
21

BKGD

93
75

147
79

102
117
54

i

ROHM
U-232

349
305
22
19

326
321
329

BKGD

64
57

119
111
91

101
69

TRACER pCI«fctod:
LCS U-238 pCIAiwtrte:

10.28
2.71

CALCULATED B?r\ LEG

REVIEWED

DATE: 06/09/94

PATE

0000002
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Kerr - McGee Corporation
3301 N.W. 150th Street
Oklahoma City, OK 73134

September 25, 1995

ATTENTION: Garet E. Van De Steeq

On May 24, 1994, twelve (12) soil satrples were received at Quanterra, St. Louis
laboratory (formerly ITAS - St. Louis) from STS Consultants. The original data
was reported on June 10, 1994. The following is a list of the samples and the
Quanterra (ITAS) identification numbers:

CLIENT ID QUANTERRA (ITAS) ID

CD-S156E49N-2-3 5179-001
CD-S156E49N-2-3 - 5179-001DUP
CD-S156E49N-3-4 5179-002
CD-S-82E25N2-3 5179-003
CD-S82E25N-3-4 5179-004
CD-S78E18N-2-3 5179-005
CD-S89E16N-2-3 5179-006
CD-S89E16M-3-4 5179-007
CD-S78E18N-3-4-9 5179-008
CD-S78E18N-3-4 5179-009
CD-S81E5N-2-3-9 5179-010
CD-S81E5N-3-4 5179-011
CD-S81S5N-2-3 5179-012

On September 18, 1995, a request was made by Kerr - McGee and STS Consultants for
Quanterra to re - evaluate the data generated for Gamma Spectroscopy analysis
regarding the detected Ra results. The results of this data review of Gamma
Spectroscopy analysis by method HASL 300 4.5.2.3 follows in the enclosed Revised
Case Narrative and corrected data sheets, which reflect the outcome of this data
review. Attached are copies of all correspondence and Conversation Records.

If you have any questions or comments, please call me at (314) 298-8566.

Reviewed and approved:

Diane w. Mueller
Project Manager
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PURCHASE ORDER NUMBER: 27313-ZH
PROJECT NUMBER: 537.01
DATE RECEIVED BY LAB: May 24, 1994
NUMBER OF SAMPLES: Twelve (12)
SAMPLE TYPE(S): Soil

I. Introduction

On May 24, 1994, twelve (12) soil samples were received at Quanterra, St. Louis
laboratory (formerly ITAS) from STS Consultants. The following is a list of the
samples and the Quanterra (ITAS) identification:

CLIENT ID OUANTERRA (ITAS) ID

CD-S156E49N-2-3 5179-001
CD-S156E49N-2-3 5179-001DUP
CD-S156E49N-3-4 5179-002
CD-S-82E25N2-3 5179-003
CD-S82E25N-3-4 5179-004
CD-S78E18N-2-3 5179-005
CD-S89E16N-2-3 5179-006
CD-S89E16N-3-4 5179-007
CD-S78E18N-3-4-9 5179-008
CD-S78E18N-3-4 5179-009
CD-S81E5N-2-3-9 5179-010
CD-S81E5N-3-4 5179-011
CD-S81E5N-2-3 5179-012

A complete data package was sent on June 10, 1994. At the clients request on
September 18, 1995, the gamma spec analyses was re - evaluated regarding the
detect Ra results. The revised data sheets are attached and comments follow.

II. Analytical Results and Methodology

The analytical results for this report are presented by analytical tests. Each
set of data will include sample identification information, the analytical
results, and the appropriate detection limits.
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The analyses requested include: Gamma spectroscopy by method HASL 3004.5.2.3,
Isotopic Thorium and Isotopic Uranium by method U-NAS-NS-3-5-, TCLP Semivolatiles
by EPA method 8270, TCLP ICAP Metals, cyanide by EPA method 9010, Flashpoint by
EPA method 1010, Paint Filter Test by EPA method 9095, pH by EPA method 9045,
Percent Moisture by ITAS SOP PM, Sulfide by EPA method 9030, TOX by EPA method
9020, Total Organic Carbon by EPA method 9060, and TCLP Volatiles.

III. Quality Control

The QA/QC information can be found immediately following the analytical data.
This QA/QC data are used to assess the laboratory's accuracy and precision during
the analytical procedure.

IV. Comments/Nonconformances

GAMMA SPECTROSCOPY

At the request of the client, a review of the gamma spectroscopy report for Ra
was performed. For the samples which had Ra, the sample spectrums were
checked for the presence of the Ra reported, all but one sample had the report
based on gamma peaks at 270.12 keV and 154.02 keV. Sample 5179-004 only
identified the 270.12 keV line.

Since the client did not suspect Ra was present, the sample spectrums were
checked for the presence of Rn (the first daughter of Ra) which has energy
lines at 401.81 keV and 271.23 keV. The presence of the daughter 211Bi was also
checked at energy line of 351.07. None of the samples had Rn or Bi
present.

227 227The sample spectrums were checked for the presence of Th and Ac which are
the precursors for Ra. The energy lines checked were 236.0 keV and 329.7 keV

vO"7 ^̂ *7 29*7 5̂ "7
for Th and 256.2 keV for " Ac. Neither Th nor Ac were present.

228A search of the gamma library and the spectra indicate that Ac (daughter of
228Ra) has an energy line at 270.23 keV and 154.2 keV. Since the samples
contained Ra, the 270 keV and 154 keV peak appears to be due to Ra, not
223Ra.

Therefore, since no Ra daughter or precursor was identified, and Ra may
have interfered with the Ra energy lines, it is concluded that Ra is not
present and has been deleted from report.
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ISOTOPIC URANIUM

Sample CD-S156E49N-2-3 (5179-001) was selected for batch QC. Both the sample and
the duplicate had chemical yields less than 20% for Uranium indicating a
possible matrix effect. Both sets of data are reported.

Reviewed and approved:

Diane W. Mueller
Project Manager
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IT ANALYTICAL - - S T . LOUIS
GAMMA SPECTROSCOPY

BATCH DATE:

PROJ. SAMPLE MATRIX
NO.

537.01 5179-001

ISOTOPE :
ACTIVITY (pCi/G) :

2 SIGMA ERROR:
MIN DBT ACT:

537.01 5179-001DUP

ISOTOPE:
ACTIVITY (pCi/G) :

2 SIGMA ERROR:
MIN DET ACT:

..37.01 5179-002

ISOTOPE:
ACTIVITY (pCi/G) :

2 SIGMA ERROR:
MIN DET ACT:

537.01 5179-003

ISOTOPE:
ACTIVITY (pCi/G) :

2 SIGMA ERROR:
MIN DBT ACT:

ISOTOPE:
ACTIVITY (pCi/G) :

2 SIGMA ERROR:
MIN DET ACT:

SOLID

K-40
1.39E*01
1.4SE*00
6.978*00

SOLID

K-40
7.53E*00
1.3«E*00
3.478*00

SOLID

K - 4 0
1.20E.01
1.89E*00
6.47E.OO

SOLID

gfllrV*

MH-54T
6 . 72/>00

/T9SB-01

TH-228
5.438*02
C.14B«01
3.878*01

1994-May-ai

SAMPLE
SIZE

4.500B.01

PB-212
1.56B*00
1.40B-01
2. 018-01

4.500E*01

RA-22«
»W-

DETBCT
3.34E-01

4.500E*01

PB-212
1.84E.OO
1.60E-01
1.5SE-01

4.SOOE*01

EU-156

2-4f3E*00
I.53E*00

TH-230
NON-

DBTSCT
1.49E*02

PROJECT NUMBER: 537.01

SAMPLE DETECTOR COUNT
DATE/TIME NO. DATE/TIME

O 1994-May-22
12:00:00

RA-226 RA-228
1.24E»00 NON-
1.15B-01 DETECT
1.89E-01 1.12E.OO

\

O 1994 -May- 22
12 : 00 : 00

RA-228 TH-228
MOM- NOM-

DCTECT DETECT
1.62E*00 1.748*01

G 1994-May-22
12:00:00

RA-226 RA-228
1.78E*00 NON-
2.12E-01 DETECT
2.3SE-01 1.14E*00

G A 1994-May-22
..t 12:00:00

TL-208 PB-210
1.31E*02 5.30E.01
3.92E+00 8.458*00
7.938-01 9.68E*00

TH-234 PA-21T
6.59E*01 5.92BV01
6.60E*00 3.^eE*01
8.17E*00 JT1SE»01

DETECTl

TH-228
NON-

DETECT
6.49E.OO

DBTECT2

TH-230
NON-

DBTECT
8.29E.01

DETECT4

TH-228
NON-

DETECT
5.70E»00

DETECTl

PB-212
3.22E.02
1.19E*01
l . lSEtOO

'U-234
NON-

DETECT
3.92E*02

1994-Jun-06
09:46:57

TH-230 TH-234
NON- NON-

DETECT DETECT
1.86E*01 1.76E.OO

1994-Jun-06
09:46:57

TH-234 U-234
mm- MOM-

DETECT DETECT
3.61E.OO 7.23E*02

1994-Jun-06
09:46:56

TH-230 TH-234
NON- NON-

DF. ItCT DETECT
1.57E*01 1.92E+00

1994-Jun-06 /
10:52:02 ^ \

BI-212 RA-22W''
2.71E*02 6.76E/D1
1.12E.01 3.27B*00
7.10E.OO 3/57E*00

U-235
NON-

DETECT
4.61E*00

BATCH NUMBER:

U-234 U-235
NON- NON-

DETECT DETECT
S.72E.01 6.9BE-01

U-235
MOM-

DBTBCT
1.18E*00

U-234 U-235
NON- NON-

DETECT DETECT
5.51E*01 6.14E-01

>"*
RA-224 RA-226

3.93E*02 6.07E.01
4.39E*01 l.a5E*00
1.26B*01 1.48B*00

38537

RA-228
4.18B*02
1.22B*01
1.92E*00

0000001



PAGE:
PROJ . SAMPLE

NO.

S37.01 5179-004

ISOTOPE:
ACTIVITY (pCi/G) :

2 SIGMA ERROR:
MIN DBT ACT:

ISOTOPE :
ACTIVITY (pCi/G) :

2 SIGMA ERROR:
MIN DBT ACT:

S37.01 5179-005

ISOTOPE :
ACTIVITY (pCi/G) :

2 SIGMA ERROR:
MIN DBT ACT:

ISOTOPE :
ACTIVITY (pCi/G) :

2 SIGMA ERROR:
MIN DET ACT:

'37.01 5179-006

ISOTOPE:
ACTIVITY (pCl/G) :

2 SIGMA ERROR:
MIN DBT ACT:

ISOTOPE:
ACTIVITY (pCi/G) :

2 SIGMA ERROR:
MIN DBT ACT:

537.01 5179-007

ISOTOPE :
ACTIVITY (pCi/G) :

2 SIGMA ERROR:
MIN DET ACT:

MATRIX

SOLID

TL-208
1.7SE.01
7.01B-01
4.83E-01

U-235
NON-

DETECT
2.83B*00

SOLID

K-40
1.49E*02
2.08E*01
1.55B*01

RA-228
1.85E.03
1.22E»02
4.47E*00

SOLID

sJnB-oi
/4.39Z-01

TH-228
8.55E*01
1.328*01
l.«4B*01

SOLID

TL-208
1.96E*01
8.38E-01
5.43E-01

SAMPLE
SIZE

4.5008*01

PB-212
4.858*01
2.10E*00
8.178-01

4.SOOB+01

&

I-129/
2.81p<02

2OBB*00

TH-228
2.04E*03
2.03E+02
6.458*01

4.5008*01

W yfci
' EU-1S/

2.11^*00
4.B«-01
6 /44E-01

TH-230
NON-

DETBCT
6.S6E+01

4.500E*01

PB-212
S.53E.01
2.42E-00
8.92E-01

SAMPLE
DATE/TIME

G 1994-May-22
12:00:00

CMxf
BI-212 RA-223/*q-

3.41E*01 1.33E/01
2.82E»00 l .wfEtOO
3.808*00 ^02E*00

& i994-May-22

j}£-<*'W 12:00:00

CE-139 CE-141
2.73E*00 5 .59E.OO
S.07E-01 1.08E+00
9.0SE-01 1.47E*00

TH-230 TH-234
NON- 1.59E*02

DETECT 1.99E»01
2. £28*02 1.36E.01

G ^ 1994-May-22
(,-? 12:00:00

TL-208 PB-210
2.01E*01 1.838*01
6.81E-01 3.04B«00
3.61E-01 4.13E*00

TH-234 U-234
NON- NON-

DBTECT DETECT
3.59E+00 1.73E»02

G 1994-May-22
12:00:00

BI-212 RA-226
4.06E*01 1.39E+01
3.13E*00 6 .07E-01
4 . 6 8 E . O O 9 .29E-01

DETECTOR
NO.

DETECT2

'^ RA-226
9.78E*00
5.54E-01
8.72E-01

DETECT4

4.5^01°^*

PA-231/*^
5 . 14E/021^

J/B1E*01

DETECT1

PB-212
S. 638*01
1.98E.OO
5.29E-01

U-235
NON-

DETECT
1.93E*00

DBTECT2

RA-228
5.96E-.01
2.10E«00
1 . 4 7 E . O O

COUNT
DATE/TIME

1994-Jun-06
10:52:01

RA-214 TH-228
5.398*01 1.06E.02
2.02E*00 2.13E+01
1.1SE*00 3.74E*01

1994-Jun-06
10:52.02

TL-208 PB-212
S.44E*02 1.25E.03
3.07E*01 6.06E*01
1.66E*00 1.93E*00

PA-234 U-234
5.79E+02 NON-
1.05E*02 DETECT
2.36E*02 6.79E*02

1994-Jun-06
12:05:50 |

^kBI-212 RA-223.T
4.18E*01 1.17E/<(l
2.418*00 t.yK-Ol
3.068*00 L/48E*00

1994-Jun-06
12:05:50

TH-228 TH-230
NON- NON-

DETECT DETECT
5.31E.01 2 . 6 9 E « 0 2

TH-230
NON-

DETECT
2 . 4 8 E + 0 2

BI-212
1.16E*03
8.12E*01
1.41E*01

U-235
NON-

DETECT
7.96E*00

P^f*

RA-224
4.8SE*01
9.63E*00
S.80E+00

TH-234
NON-

DETECT
7 . 2 0 E . O O

TH-234 U-234
3.5»E«01 NON-
4.558*00 DETECT
6.90E*00 1.6SE+03

RA-224 RA-226
1.66E*03 1.62E*02
2.44E«02 9.18E*00
2.14E*01 2.65E*00

RA-226 RA-228
1.51E«01 6.55E*01
5.68E-01 2.29B*00
6.1SE-01 8.66E-01

U-234 U-235
NON- NON-

DETECT DETECT
2.04E.03 3.12E*00

0000002



PAGE:
PROJ. SAMPLE

NO.

537.01 5179-00*

ISOTOPE:
ACTIVITY (pCi/G) :

2 SIGMA ERROR:
MIN DBT ACT:

ISOTOPE :

ACTIVITY (pCi/G) :
2 SIGMA ERROR:

MIN DBT ACT:

537.01 S179-00»

ISOTOPE:
ACTIVITY (pCi/0):

2 SIGMA BMOR:
MIN DBT ACT:

ISOTOPE:
ACTIVITY (pCi/O) :

2 SIGMA ERROR:
MIN DET ACT:

537.01 5179-010

ISOTOPE:
ACTIVITY (pCi/G) :

2 SIGMA ERROR:
MIN DBT ACT:

ISOTOPE:
ACTIVITY (pCi/0) :

2 SIGMA ERROR:
MIN DBT ACT:

537.01 5179-011

ISOTOPE:
ACTIVITY IpCi/G) :

2 SIGMA ERROR:
MIN DET ACT:

MATRIX

SOLID

K-40
3.51E*01
5.97E*00

7.79B*00

TH-228
4.38E*02
6.31E.01
3.37E*01

SOLID

Ml-i*/
C.StB/00
s.ufi-oi
6.14)88-01

TH-228
5.28E*02
6.26E*01
3.71E«01

SOLID

K-40
4.21E*01>

1.21E*01

TH-234
NON- :

DETECT
1.9SE«01

SOLID

K-40
8.51E*01
4.02E*01
1.07E*01

SAMPLE
SIZE

4.5008*01

1-129 *»
S.7BE*01 «*>
2.43E*01 ^
1.618*00 rj

TH-230 S
NON-

DETECT
1.42B.02

4.5006*01

V

BO-IS*
1.47B401
2^<i«00
1/47B*00

/
TH-230

NOM-
DETECT

1.47B«02

4.500E*01

EU-lSSv1

y 2.41E/01
X2.^f*00

t^r '

^ PA-231/
3\ 1.35B/4H
AS 5.208*01
NF^2E*01

4.500E401

CE-141

3.44E*00
B.21B-01

1.04E»00

G

k" Eu-iur
• 5.34**00
f 4^4E»00

i V. 358*00

[ TH-234
8.038*01
9.75B.OO
t. 978*00

G

TL-208
1.27B*02
3.828*00

7. ME- 01

TH-234

7.388*01
«.76B*00
7.96E«00

G

TL-208
1.68E*02
4.13E*00
1.43B»00

U-234
NON-

DBTECT
S. 228*03

G

BU-1S5,

2.33RMJ1

XlToO
f '

SAMPLE
DATE/TIME

l»94-Ml/-22

12:00:00
f

TL-208
1.34E*02
7.83E*00
8.15E-01

U-234
NON-

DBTBCT
3.61B*02

1994-May-22

PB-210
3.068*01
7.238*00
9.56E.OO

j^
PA-2UT

5.0S&01
J/33B«01

î)"*°Av
1994-May-22

12:00:00

PB-212
3.618*02
l.S5B*01
2.31E*00

U-235
NON-

DETBCT
8.148*00

1994-M»y-22

12:00:00

f? TL-208
2.886*02
1.658*01
1.1SE.OO

DETECTOR
NO.

DBTECT4

PB-210
3.39E*01
7.94E*00
8.408*00

U-235
NON-

DBTECT
4.10E*00

DBTECT1

PB-212
3.198*02
1.19B»01
1.09E»00

U-234
NON-

DETECT
3.81E*02

DETECT2

BI-212
2.99E.02
1.26E*01
1.14E.01

DBTECT4

PB-210
3.93E*01
9.48E»00

1.16E*01

COUNT
DATE/TIME

1994-Jun-OS
12:05:49

PB-212
3.52E.02
1.59E*01
9.55E-01

1994-Jun-06
13:25:47

BI-212
2.578*02
1.23B«01
6.73E*00

U-235
HOH-

DBTBCT
4.S3B*00

1994-Jun-06
13:25:47 f\

Qv>^
RA-221/^

7 . 58E/01
4. J4"EtOO

&<90E*00

1994-Jun-06
13:25:47

PB-212
7.54E*02
3.26E*01
1.28E.OO

BI-212 RA-224
2. 64 E* 02 4.06E*02
2.16E*01 7.01E*01
6.99E*00 1.05E*01

&-***

RA-223/^ RA-224
8.03B/01 3.84E.02
3. MS* 00 3.69B*01
3y40E»00 1.20B»Ol
S

#&
<\-l

RA-226 RA-22B
9.26E*01 4.7SE*02
2.72E.OO 1.17E»01
2.46E*00 3.70E+00

BI-212 RA-224
5.79E*02 9.64E*02
4.818*01 1.17E*02
9.75E.OO 1.40E*01

rrtot : j

RA-226 RA-228
4.72E.01 4.43E*02
2.74E*00 2.958*01
1.32E*00 1.978*00

RA-226 RA-228
4.14E.01 4.12E*02
1.32E»00 1.18E*01
1.4SE»00 2.068*00

TH-228 TH-230
7.60E*02 NON-
7.13E*01 DETECT
1.07E*02 6.79E*02

RA-226 RA-228
3.91E*01 9.658*02
2.8B£*00 6.32E*01
l .B4E*00 2.88E*00

0000003



PAGE:
PROJ. SAMPLE

NO.

ISOTOPE:
ACTIVITY (pCi/C) :

2 SIGMA ERROR:
MIN DBT ACT:

537.01 5179-012

ISOTOPE :
ACTIVITY (pCi/QI :

2 SIGMA ERROR:
MIN DBT ACT:

ISOTOPE :
ACTIVITY (pCi/G) :

2 SIGMA ERROR:
MIN DET ACT:

337.04 5187-001

ISOTOPE :
ACTIVITY (pCi/G) :

2 SIGMA ERROR:
MIN DET ACT:

ISOTOPE:
ACTIVITY (pCi/0) :

2 SIGMA ERROR:
MIN DET ACT:

300.01 BLK38537

ISOTOPE :
ACTIVITY (pCi/G) :

2 SIGMA ERROR:
MIN DBT ACT:

000.01 LCS38537

ISOTOPE :
ACTIVITY (pCl/G) :

2 SIGMA ERROR:
MIN DET ACT:

ISOTOPE:
ACTIVITY (pCi/G) .

2 SIGMA ERROR:
MIN DET ACT:

MATRIX

TH-228
1.16B*03
1.47E*02
4.7IB*01

SOLID

MN-5V/

TH-228
9.36E*02
7.91B*01
S.05E*01

SOLID

EU-1MT
3.710*00

U-235
NON-

DBTECT
3.148*00

SOLID

RA-226
NON-

DBTBCT
3.18B-01

SOLID

CO-S7
8.43E*02
3.27E*01
2.53E*00

TH-228
NON-

DETECT
2 . 7 0 E * 0 2

SAMPLE
SIZE

TH-230
NON-

DBTBCT
1.9SB.02

4.5008*01

W

2 . aoB*oi
4.afB*00
y$8B*00

TH-230
NON-

DETECT
1.94B*02

4.5006*01

•7-?/
TL-208

1.92E*01
8.3SB-01
5.86B-01

4.500B*01

RA-228
NON-

DETBCT
6.04B-01

4.500E*01

CO-60
1.86B*03
5.83E*01
6.72E*00

TH-230
NON-

DETECT
9.14E*02

SAMPLE
DATE/TIME

TH-234 U-234
NON- NON-

DBTECT DETECT
1.25B*01 4.92E*02

G 1994-May-22
12:00:00

TL-208 PB-210
2.30E*02 1.04E.02
6.64B*00 1.66E«01
1.14E»00 1.26E*01

TH-234 PA-231/"
1.21E*02 9.92^01
1.20E.01 6ynE*01
1.07B»01 X\B6E*01

G 1994-May-23
12:00:00

PB-212 BI-212
S.43E*01 3.81E*01
2.6SE.OO 3.58E*00
9.70E-01 5.15E*00

G 1994 -May- 31
12:00:00

TH-228 TH-230
NON- NON-

DBTECT DETECT
3.688*00 1.13E+01

Q 1994-OCt-Ol
12:00:00

Y-88 CD-109
1.06E.03 3.31E*04
4.27E*01 1.72E*03
5.42B*00 7.24E*01

TH-234 U-234
NON - NON -

DETECT DETECT
4.83E«01 3 . 2 3 E » 0 3

DETECTOR
NO.

U-235
NON-

DBTECT
5.75E*00

DETECT1

PB-212
5.74E*02
2.10E*Ol
1.54E*00

U-234
NON-

DETECT
5.14E*02

DETECT2

RA-226
1.70E«01
7.03E-01
1.03E.OO

DETECT4

TH-234
NON-

DBTECT
1.37E.OO

DBTECT1

SN-113
6.99E*02
3.56E*01
5.06E.OO

U-235.
NON-

DETECT
2 . 2 J E . 0 1

COUNT
DATE/TIME

1994-Jun-06 a<

14:35:55 f\CY l^

BI-212 RA-22/^ RA-224
4.66E«02 1.23^*02 6.31E.02
1.8GE*01 5.>3E»00 8.64E*01
9.13E+00 ^<74E»00 1.71E*01

U-235
NON-

DETECT
6.18E*00

1994-Jun-06
14:35:55

RA-228 TH-228 TH-230
8.34E*01 NON- NON-
3 . 12E*00 DETECT DETECT
1.40E«00 5.19E*01 2.82E*02

1994-Jun-06
14:59:19

U-234 U-235
NON- NON-

DETECT DETECT
3.95E*01 4.88E-01

1994-Jun-06
16:06:15

CS-137 CE-139 HG-201
1.51E*03 4.12E*02 6.78E*01
7.74E*01 2.27E*01 3.92E*00
6.41E*00 2 .60E*00 3.28E.OO

AM-241
3 S2E.03

^^:oo 0000004

RA-226 RA-228
1.31E*02 7.41E*02

3.49E*00 2.12E*01
1.94E*00 3.09E+00

TH-234 U-234
NON- NON-

DETECT DETECT
7.36E*00 2.11E*03

RX-226 !LK-22»

NON- NON-
DETECT DETECT

8.83E*00 2.83E*01

^J


